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ABSTRACT 
 
Indian pangolin (Manis crassicaudata), the only pangolin species that 
occurs in Pakistan,  is categorized more recently as “ Endangered” under IUCN 
Red List criterion and it faces a high risk of extinction in the wild. Ecological data 
on this species is very scanty in the country, where illegal hunting and killing for 
obtaining its body scales for trade purpose is the biggest threat to its population. 
The current study, therefore, investigated the distribution, vegetation analysis of 
the habitat, current population status, and the diet of Indian pangolin in the Potohar 
Plateau.  
Distribution of Indian pangolin was studied by conducting extensive 
surveys in the study area, in addition to carrying out questionnaire surveys 
(Interviews by local people). Results showed that Indian pangolin was distributed 
in all transects taken in district Chakwal and Jhelum while it was found present in 
some transects but absent in others, in the rest of the two districts (Attock and 
Rawalpindi) of the Potohar Plateau.  
Vegetation analysis of the habitat of Indian pangolin was carried out by 
quantifying trees (by Point-Centered-Quarter method), shrubs and herbs species 
(by Quadrat method) of the study area.  For shrub species, quadrats of 4m x 4m, 
while for herb species quadrats of 1m x 1m were established at selected sampling 
sites for data collection. Dominant tree species included Acacia nilotica (IVI=74.9) 
Zizyphus mauritiana (IVI=61.75), and Acacia modesta (IVI=58.6), dominant shrub 
species were Zizyphus nummularia ( IVI=199.16), followed by Calotropis procera 
(IVI= 65.08),  Prosopis juliflora (IVI= 35.40), and Lantana camara (IVI= 30.13) 
xx 
 
while the major  herb species recorded were Cynodon dactylon (IVI = 40), 
followed by Cenchrus ciliaris (IVI= 37.56) and Cyprus rotundus (IVI= 31.06). 
Population density of Indian pangolin in the study area was estimated by 
using indirect method of its active permanent burrow counts at thirty different 
selected sampling sites including all four districts of the Plateau. Population 
estimates of the species showed overall a declining trend in the Potohar plateau; an 
average population density of 1.08 /km² was recorded during the year 2010 and 
0.36 /km² in 2011 and 0.23/km² in 2012, with an overall decline by 79%, with an 
average decline of 52 % per annum.  The population density of the species was 
found significantly different (p < 0.05) within the study years (2010 - 2013).  
 A total of N=10 specimens of Indian pangolin were recovered from the 
field from different sampling sites, in addition to two skeletons, for their 
morphometrical analysis. Average body weight and body length of the specimens 
were 9 ± 2.2 kg and 99.25 ± 10.5 cm, respectively.  Relative tongue weight (RTW) 
and relative tongue length (RTL) constituted 0.2 % and 37 %, of the body, 
respectively. Average numbers of scales on the body of juvenile, sub-adult, and 
adult specimens were 286, 276, and 424, respectively. 
 Food habits of Indian pangolin were investigated by fecal analysis, a total 
of N = 44 fecal pellet samples were collected from different sampling sites of the 
study area. Fecal analysis revealed main food components recovered from samples 
as ants body parts (including heads, and abdominal parts) approximately 41.5%, 
and soil particles or clay approximately 58%, with minor percentages of bugs, 
termites body parts, grass and wood.  The soil particles or clay contributed the 
highest % weight (57.95%) of the fecal pellet followed by ants (37%), wood 
xxi 
 
(2.3%), grass (0.89%), termites (0.95%) and least for bugs (0.375%). The main 
prey species of Indian pangolin identified from the faecal analysis and from the 
field collections included two species of black ants  (Camponotus confuci and 
Camponotus compressus) and one species of  termite (Odontotermes obesus). 
 The biggest threat to the population of Indian pangolin in the study area is 
its illegal capturing and killing for obtaining its body scales for trade purpose, 
which are used in making Traditional Chinese Medicines (TCM). A sharp decline 
of approximately 79% in the population of Indian pangolin during three years of 
the study period demands urgent conservation measures to be launched to save its 
little remaining population.  
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Chapter 1 
GENERAL INTRODUCTION 
1.1 INTRODUCTION 
Pangolin, the “scaly anteater”, has a distinguishing characteristic of unique 
body scales (Atkins, 2004). The same character is represented by the name of its 
order Pholidota, which means "the scaled animal" (New World Encyclopedia, 
2007). The name “pangolin” derives from a Malay word “pengulling” which means 
“something that rolls up.” 
1.1.1 Pangolin Species 
There are eight extant species of pangolin; four of these species occur in 
Asia including Manis pentadactyla, Manis crassicaudata, Manis javanica and 
Manis culionensis while the other four pangolin species including Manis gigantea, 
Manis longicaudata, Manis tricuspis and Manis temminckii are found in Africa 
(Emry, 1970). However, the fossil record shows that pangolins once inhabited 
Europe and North America as well (Heath, 1992).  
The solo pangolin species that occurs in Pakistan is the Indian pangolin 
(Manis crassicaudata). Its local name is “Salla” (Prater, 1971) and Roberts (1997) 
has reported its occurrence from all four provinces of the country including Punjab 
(Potohar Plateau, across the salt range), Khyber Pakhtoonkhawah (Kohat, 
Peshawar and Mardan), Sindh (Dadu, Lerkana, Hyderabad, Tharparkar and Kutch) 
and Baluchistan (Mekran and Lasbela). A fossil ancestor of Manis crassicaudata 
was discovered near Manchar Lake, Dadu district (Colbert, 1935). However, no 
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evidence of its presence exists in lower Indus river plain, Thal desert and 
Bahawalpur. 
1.1.2 Physical Characteristics 
 Physically, Indian pangolin possesses reptilian appearance; tiny head, 
pointed snout, long tail and short limbs. The ears may be undeveloped or absent. It 
is an inimitable mammal with rigid overlied scales that provide it protection from 
predators as most of its body parts are covered by large, hardened, overlapping, 
plate-like scales while some portion of the body is without scales such as underside 
of head, sides of face, throat, neck, snout and chin. These scale-less regions are 
pinkish-white in color and covered with thin hair (Roberts, 1997). The body size of 
an adult Indian pangolin is almost 105 to 120 cm in length including 60-75 cm 
head - body and 45 cm tail (Prater, 1971). The species may live up to thirteen years 
in wild (Heath, 1995). 
1.1.3 Nocturnal Species 
It is assumed that pangolins are exclusively nocturnal (Jacobsen et al., 
1991) but an Indian pangolin was observed by Roberts (1997) during the day time 
indicating it may be diurnal. It is believed to be more in number than is generally 
speculated but is rarely seen due to its nocturnal behavior. It spends the day time 
curled up in a burrow (Zoological Survey of India, 2002). 
1.1.4 Food Habits 
 Indian pangolin is insectivorous in its food habits, preying mainly upon ants 
and termites (Roberts, 1997). It possesses unique morphological adaptations to gain 
access to the hidden nests of ants and termites. These adaptations include a tapering 
head and nose, a long sticky tongue to lick up the ants or termites, a highly 
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muscular stomach that is a compensation of teeth in pangolin (Prater, 1971) and  
specific muscles in mouth which stop  prey species  from dodging  out if once 
captured (Heath, 1992). It has meager audible range but a highly developed sense 
of smell used for searching food as it snuffles in the air to detect ants and termites 
(Heath, 1995)  
1.1.5 Sexual Dimorphism 
 Male and female of Indian pangolins are sexually dimorphic. In various 
species of pangolins, usually males are 10-50 percent heavier than females whereas 
in Indian pangolins males can be up to 90 percent heavier (Payne and Francis, 
1998). 
1.1.6 Breeding Biology 
Although Roberts (1997) has mentioned some account of habits and habitat 
of this species but very little information is available on its breeding biology in the 
wild. Prater (1980) recorded its young ones born at various times of the year in 
India including January, March and July months. Pangolins reach sexual maturity 
at the age of two years (Dickman, 1984). African pangolin females usually give 
birth to a single offspring at a time, but Asiatic species can give birth to one to 
three young ones (Mondadori, 1988). Gestation period ranges from 65-70 days in 
Indian pangolin. Male and female individuals occupy the same burrow with the 
young one during breeding season (Zoological Survey of India, 2002).  
1.1.7 Economic Importance 
Indian pangolin, along with other species of pangolins of Asia, is thought to 
have declined in many areas of its range as it is under massive hunting pressure due 
to trade (Broad et al., 1988). It is mainly hunted for its scales (Nowak, 1991). The 
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scales extracted by an adult Indian pangolin weigh about l kg (Indian Wildlife Club 
Ezine, 2004), and are believed to have medicinal importance, magical powers 
(Israel et al., 1987) and ornamental uses (Prater, 1971).  
Indian pangolin may also be hunted for its flesh (eaten by hill tribes), fats 
(250 grams/animal used in medicines) (Indian Wildlife Club Ezine, 2004), and skin 
(manufacture clothes and shoes) (Broad et al, 1988). In Pakistan, hakims (local 
practitioners) consider Indian pangolin as a valuable source of traditional 
medicines (Roberts, 1997). The fissure excavated by pangolin may serve as home 
of any other burrowing animal (Hansel, 1993). 
Besides, the Indian pangolin has an economic importance in the food web, 
as it feeds upon termites, a serious insect pest of agricultural crops and buildings 
(Roberts, 1997). It is estimated that one adult pangolin can probably consume 
about 70 million insects in a year (Chao, 2002). 
1.1.8 International Trade 
It is estimated that more than 185,000 skins of pangolins were legally 
exported from Asia during 1980-1985 (Broad et al., 1988; Nowak, 1991). Data 
from the press and enforcement authorities have shown that about 30,000 pangolins 
were apprehended in Southeast Asia, between the years 2000 and 2007 (Chin and 
Pantel, 2008) and at least, approximately 700 skins of Indian Pangolin were 
exported to USA in 1983 and 5023 skins during the 1980-1982 period (TRAFFIC, 
2000). 
Besides, there are reports that scales of Indian pangolin are being traded 
across the border, especially to Hong Kong, and China, where these are used in 
making “Traditional Chinese Medicines (TCM)” (Mahmood et al., 2012). 
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1.1.9 Predators of Indian Pangolin 
 The pangolins may be preyed upon by leopard, tiger, python and human. It 
emanates a heckling sound when distressed (Myres, 2000). For defense it hides its 
soft body parts under hard scales and also emits some fluid from anal gland 
(Roberts, 1997). It uses urine and faeces to mark its territory (Dickman and Richer, 
2001). 
1.1.10 Status of Indian Pangolin  
Indian pangolin was categorized as “Near Threatened” under IUCN Red 
List of Threatened species (IUCN, 2009), but more recently it is declared as 
“Endangered” (IUCN, 2014) and faces high risk of extinction in wild habitat (Wu 
et al., 2004) while in Pakistan it continues to be a “Vulnerable” species (Sheikh 
and Molur, 2005). Under Punjab Wildlife Acts and Rules (1974), it is included in 
Category three of the Third Schedule, and so is protected throughout the year. 
Despite of being protected, it is brutally hunted for trade (Molur, 2008), however, 
there is limited evidence of its trade and threats (CITES, 2000). Data regarding 
hunting record and trade pattern of Indian pangolin is a necessary prerequisite to 
design its effective conservation strategies. Without conservation efforts, its 
population is expected to decline continuously and the species may very soon be 
lost from the wild. For the conservation of this species, it is necessary to have 
baseline informationabout its biology and ecology, including habitat 
requirement/preferences, population and feeding habits.  
1.2 STUDY AREA 
The current study was conducted in the Potohar Plateau located between 
latitudes 32
o
 33 and 34
o
 3 N and longitudes 71
o
 89 and 73
o
37 E (Fig.1). It 
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comprises of four administrative districts; Rawalpindi, Attock, Chakwal and 
Jhelum, and also some areas of Islamabad, the Capital territory. The Plateau  is 
bounded in the east by Jhelum River, by Indus Riverin the west, by Kala Chitta 
Rangeand Margalla Hillsin the north, and by the Salt Rangein the south (Ahmed, 
1990). 
The total area of the Potohar Plateau is approximately 2.2 million hectares 
(Bhutta, 1999). Its elevation varies from 305 m to 610 m. The narrow and wide 
valleys are surrounded by series of mountainous ranges. The climate is semi-arid to 
humid and average rainfall ranges from 250mm to 500 mm. The mean maximum 
temperature in summer is 45
o
C but below freezing point during winter 
(Encyclopedia Britannica."Potwar Plateau." 2010). 
The Potohar Plateau provides a suitable habitat for many wild animals like  
Urial, Chinkara, Chukar, Hare, Porcupine, Mongoose, Wild boar, Yellow-throated 
Marten and the Indian pangolin. The chief crops being cultivated here include 
wheat, groundnut, barley, sorghum, legumes, onion, melons, and tobacco. 
However, it is becoming devoid of vegetation due to low rain fall, extensive 
deforestation, coal mining, and oil and gas exploration (Encyclopedia Britannica. 
"Potwar Plateau." 2010). Administratively, the Potohar Plateau includes four 
districts as follows: 
1.2.1 District Chakwal  
The district Chakwal further comprises of four smaller administrative units 
called Tehsils; Chakwal, Talagang, Choa Saidan Shah and Kallar Kahar. It is 
bounded by the Rawalpindi and Attock districts in the north, Jhelum in the east, 
Khushab in the south and Mianwali in the west. The total area of district Chakwal  
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Figure 1. Map of the Punjab province showing location of the study area; Potohar 
Plateau. 
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is approximately 6,609 km
2
. (http://en.wikipedia.org/wiki/Chakwal_District). It lies  
between 32° 56' north and 72° 54' east.  Average rainfall is 350-500 mm (Quershi 
et al., 2009). 
1.2.2 District Jhelum 
 The district  Jhelum (32° 55' 00"N and 73° 44' 00"E),  comprises of an area 
of 3,587 km
2
, consisting of  four Tehsils: Jhelum, Sohawa, Pind Dadan Khan and 
Dina.It is surrounded byGujrat and the Jhelum Rivers in the south, Chakwal  in the 
west, Mirpur in the east, and Rawalpindi in the north (Jhelum District Imperial 
Gazetteer of India, 2013). 
1.2.3 District Attock 
 The district Attock (33° 54' 26"N, and 72° 18' 40"E) comprises of six 
Tehsils; Attock, Hazro, Jand, Fateh Jang, Pindi Gheb and Hassan Abdal. The district 
is stretched over an area of 6857 Km². It is bounded by Haripur and Swabi in the 
north, Rawalpindi in the east, Chakwal in the south and Kohat in the west 
(Anonymous, 2007). 
1.2.4 District Rawalpindi 
 The district Rawalpindi  (33° 36' 0"N, and 73° 02' 0"E) comprises of  seven 
Tehsils; Rawalpindi, Gujar Khan, Kallar Syedan, Taxila, Kahuta, Kotli Sattian and 
Murree. It covers an area of 5286 Km² (Anonymous, 
2007).(http://www.rawalpindi.gov.pk/Maps.aspx). 
1.3 RATIONALE OF THE STUDY 
The knowledge of distribution, population and habitat use of a species, whose 
conservation status is under concern, is crucial to get information useful to 
establish any conservation plan. The Indian pangolin (Manis crassicaudata), 
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previously “Near Threatened”, but now “Endangered” insectivore is distributed in 
five different countries of Asia including Pakistan. However, ecological data on its 
population, habitat and the diet is lacking in the region. The current study was 
designed to determine distribution of the species in the Potohar Plateau, to estimate 
its population and to investigate its food habits. Therefore, it is pre-requisite for 
conservation to have baseline information about biology and ecology of a species 
in the region, that can be used for status evaluation at National and International 
level. It brings into light the major threats (illegal hunting and others) being faced 
by the species. Similarly, data on population assessment is important for 
determining the population trend of the species over the years while information on 
diet composition and prey species, is useful for successful management of Indian 
pangolin. The information on diet composition can also be used to manage the 
species concerned in captivity as is currently being done in India where the 
pangolins are kept in the zoo. 
1.4 STUDY OBJECTIVES 
Keeping in view the importance of Potohar Plateau as an important habitat of 
Indian pangolin, the current study was designed to investigate the habits and habitat 
of Indian pangolin with main objectives as detailed below; 
 To determine the distribution of Indian pangolin in the Potohar Plateau. 
 To carry out vegetation analysis in the habitat of the species. 
  To estimate the size of population of Indian pangolin in the study area. 
 To carry out morphometrical analysis of the captured individuals of the 
species. 
 To investigate the diet composition of the species in Potohar region.  
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Chapter 2 
DISTRIBUTION OF INDIAN PANGOLIN (Manis crassicaudata) 
IN POTOHAR PLATEAU 
2.1   INTRODUCTION 
 There are controversies regarding total numbers of pangolin species. The 
eight extant pangolin species: including four Asian species (Manis crassicaudata, 
Manis pentadactyla, Manis javanica and Manisculionensis) and rest four Africans 
(Manis gigantea, Manis tetradactyla, Manis tricuspis and Manis temminckii) were 
reported by Gaubert and Antunes (2005) and Schlitter (2005). Whereas, Gaudin et 
al. (2006) are of the view that there are seven existing species of pangolins; four 
are African and three are Asian species. In fact, the Manis culionensis was first 
listed as a species distinct from Manis javanica (Elera, 1895), however, most of the 
subsequent literature and synthetic taxonomic work considered it to be a sub-
species of Manis javanica (Corbet and Hill, 1991). All pangolin species have been 
grouped together in the single family (Manidae), single order (Pholidota), and the 
single genus Manis.  
Indian pangolin (Manis crassicaudata) is one of the four Asian pangolin 
species (Emry, 1970).It occurs in countries including Pakistan, India, Sri Lanka, 
(Zoological survey of India, 2002), western China (IUCN, 1996; WCMC.,1999) 
and Bangladesh (Khan, 1985). The other three Asian species of Pholidota are 
Chinese pangolin (Manis pentadactyla), Palawan pangolin (Manis culionensis) and 
Malayan/Sunda pangolin (Manis javanica). The Chinese pangolin is localized in 
India, Burma, Nepal and China (Prater, 1971), Palawan pangolin is reported from 
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Palawan province of Philippines, while Malayan pangolin is present in Thailand, 
Vietnam, Malaysia, Singapore, Philippines and Indonesia (Nowak, 1999). 
In Pakistan, as reported by Roberts (1997), Indian pangolin occurs in the 
province of Punjab in the areas around Lahore, Kasur, Gujranwala, Gujrat, and 
Jhelum including the Potohar plateau that comprises of sub-tropical thorn forests 
and sub-tropical deciduous forests. Its occurrence is also reported from few places 
of the other provinces including Kohat and Merdan of Khyber Pakhtoonkha (arid 
sub-tropical), Dadu and Larkana districts of Sindh (Indus plain) and Mekran, and  
Lasbela of Baluchistan (Desert scrub zone) (Roberts,1997). 
 Indian pangolin prefers to live in desolated undulating areas and sub-
tropical thorn forests (Roberts, 1997). Pai (2008) also accounted some types of 
tropical forests in the habitats of the species, ranging from moist to dry deciduous, 
thorn plus grassland. In addition, it also occurs in the vicinity of human dwelling 
areas. The major factor that may restrain the distribution of Indian pangolin is 
elevation (above sea level); the pangolin species present in Pakistan is reported to 
occur at an elevation of up to 762 m (Roberts, 1997). Similarly, in India a female 
Indian pangolin was reported at 2300 m elevation by Hutton (1949). In Nepal and 
Bhutan, pangolins are confined to elevations lower than 1524 m (Frick 1968; 
Mitchell, 1975). While in Sri Lanka, this species has a set up at 1,100 m (Phillips, 
1981; WCMC., 1999). 
2.2 REVIEW OF LITERATURE  
There are different opinions in the classification of pangolin. It is placed in 
the order Pholidota by Simpson (1945) and in Edentata by Gaudin et al. (2006). 
But newer genetic evidence (Murphy et al., 2001) indicates that their closest living 
relatives are the carnivores (Beck et al., 2006). 
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According to Nowak (1999) and Schlitter (2005), all extant species of 
pangolins belong to a single family Manidae. However, these species were placed 
in as many as six genera (Pocock, 1924), while other authors earlier on suggested 
two genera, Manis for Asian pangolins and Phataginus for African pangolins 
(Corbet and Hill, 1991). However, more recently, the single genus arrangement is 
followed in recent Mammalogy textbooks (Feldhamer et al., 2007) and several 
recent publications on pangolins (Botha and Gaudin, 2007). 
 Pangolin, the smallest placental mammal, represents an early radiation of 
the mammalian (eutheria) lineage occurring in the Cretaceous period (Eisenberg, 
1981). Fossil records indicate that pangolins once inhabited Europe (Koengswald, 
1981) and North America (Peterson et al., 1983). There are more recent Plio-
Pleistocene records from Europe, Africa, and southern Asia (Botha and Gaudin, 
2007). Fossils range from fragmentary skeletons or isolated elements to nearly 
complete skeleton,  however, the fossil record of the group is inadequate, probably  
due to the fact that these animals are toothless, typically exist in low population 
densities and prefer forested environments which have low preservation potential 
(Gaudin et al., 2006).  Consequently, this group of animals remains poorly studied 
relative to other more diverse, abundant, and widespread placental orders, and 
therefore, many aspects of its systematics and biogeographic and evolutionary 
history are incompletely understood. 
2.3   MATERIALS AND METHODS    
 To determine distribution or occurrence of Indian pangolin in the Potohar 
plateau, field surveys of the study area were conducted each month (each visit 
being of four days duration and one day for each district) during March 2010 to 
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Febraury 2011. The travel dates included 5
th
 to 8
th
 March 2010, 12
th
 to 15
th
 April 
2010, 25
th
 to 28
th
 May 2010, 22
nd
 June to 25
th
 June 2010, 13
th
 July to 16
th
 July 
2010, 10
th
 to 13
th
 August, 16
th
 September to 19
th
 September 2010 and 10
th
 Febraury 
to 13
th
 Febraury 2011 (Table 2.1 - 2.4; P. 15, 16, 19, 20, 21, 22, 24, 25, 26). All 
accessible roads in each district of the the Plateau were travelled on a four wheel 
drive motor vehicle. The information about different roads in the study area was 
taken from the Google maps available online on the web. The distance covered in 
each transect was measured by using vehicle’s speedo-meter, and by mile stones 
alongside the roads travelled. During surveys, the roads were treated as transects of 
variable length and the geographical coordinates of the starting and ending 
transects were recorded. We used to get down from the vehicle after every 5 to 7 
kilometer (km) distance to search a 250 m area on either side of the road to record 
burrows, faecal droppings and direct sightings (direct signs) of the Indian pangolin. 
All roads were travelled once for collecting data about distribution of the species, 
however, some  roads were travelled repeatedly to visit the selected sampling site 
(N=30 sampling sites) for data collection about the vegetation, population estimates 
and the diet of Indian pangolin. 
 During field surveys, students, shopekeepers, shepherds and farmers 
working in their fields were interviewed to get information about occurrence of the 
Indian pangolin in the area (Appenxix-V). The interviewees were selected 
opportunistically and we also attempted to cross-check the information given by 
interviewees by asking the same question to different people in the locality. A total 
of 327 people (85 in district Chakwal, 77 in district Jhelum, 78 in district Attock 
and 87 in district Rawalpindi) were questioned about their knowledge of Indian 
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pangolin in the area. The number of intervierwees varied in different transects but 
usually 2-7 people were interviewed (Appendix-IX). 
 Finally, transects were marked or established as either positive (+) for 
presence or negative (-) for absence of the species on the data sheets.At the end, a 
distribution map of the animal species in the study area was constructed using the 
geographical coordinates data in QGIS (Quantum Geographic Information System) 
highlighting its distribution in the Plateau. 
2.4 RESULTS 
2.4.1 Distribution in District Chakwal 
In district Chakwal (Table 2.1; Fig. 2.1; Fig.2.2), the Indian pangolin was 
recorded in all tehsils (Chakwal, Kallar Kahar, Talagang and Choa Saiden Shah). 
The forest type is sub-tropical scrub and the habitat was of mixed type constituted 
of cultivated lands and natural area along with human habitation. In total twenty 
road transects, a distance of 474 km was travelled and all transects showed 
presence or signs of occurrence of the animal species., that is, all these transects 
were found positive for occurrence of Indian pangolin. 
 The various indirect signs of the Indian pangolin that were recorded in 
different transects (Table 2.1) included presence of burrows, faecal matter, dead 
bodies of the species, reported sightings and direct field sightings. Burrows of 
Indian pangolin were recorded in all twenty transects travelled in district Chakwal. 
Faecal samples (N=10) of the species were found and collected from three different 
sites along the road transects including Mureed (n=5), Chumbi Surla Wildlife 
Sanctuary (n=3) and Jubair Pur (n=2). Breaking news was the recovery of dumped 
inside a Railway tunnel near Chakwal city, n= 45 scale-less rotten dead bodies o
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Table 2.1 Records of the surveys conducted on motor vehicle to determine the distribution of Indian pangolin (Manis crassicaudata) throughout district Chakwal of   
the Potohar Plateau from March 2010 to Febraury 2011).(+ ve) means presence of any of the direct or indirect signs of Indian pangolin, (-ve) means absence of signs of 
Indian pangolin. 
Sr. 
No. 
Season of 
survey 
Date of Survey 
Starting Transect 
Geographical 
Coordinates 
Ending Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
Evidences of Existence of Species 
 
Habitat Type Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightin
gs 
Reported 
Sightings 
1 
 
 
 
 
 
 
 
 
 
 
 
 
 
Spring 
 
5 March 2010 
N 33º 19’ 56.83” 
E 73º 14’ 31.41” 
Elevation478.23m 
N32º 03’ 57.88” 
E 72º 58’06.88” 
Elevation 543.76m 
60 +ve -ve 
+ve ( 45 
dead and 
24 kg 
scales) 
-ve -ve 
Sub tropical  scrub forests/ 
cultivated land and human 
habitation 
2 
 
5 March 2010 
N 32º 55’ 26.07” 
E 72º 50’ 20.74” 
Elevation 503.22m 
N 32º 55’20.06” 
E 72º 40’ 59.26 
Eevation 518.77m 
18 +ve -ve +ve (2) -ve +ve 
Sub tropical scrub forests/ 
cultivated land 
3 
 
5 March 2010 
N 32º 55’ 23.01” 
E 72º 45’ 15.14” 
Elevation 503.22m 
N 32º 50’42.82” 
E 72º 44’54.37” 
Elevation553 m 
06 +ve -ve -ve -ve -ve 
Sub tropical  scrub/ forests 
cultivated and natural area 
4 
 
5 March 2010 
N 32º 53’ 47.77” 
E 072º 45’ 08.8” 
Elevation 470.30m 
N32º  53’33.7” 
E 072º 45’00.6” 
Elevation 489.20m 
15 +ve +ve (5) +ve (1) +ve (2) +ve 
Sub tropical scrub   forests/ 
cultivated and natural area along 
with human habitation 
5 
 
5 March 2010 
N 32º 55’ 09.37” 
E 72º 51’ 23.51” 
Elevation 502.92m 
N 32º 55’ 52.61” 
E 072º 48’10.09” 
Elevation 534.92m 
5 +ve -ve -ve +ve (1) +ve 
Sub tropical  scrub  forests/ 
cultivated area 
6 
 
12 April 2010 
N 32º 55’09.37” 
E 72º 51’ 23.51” 
Elevation 502.92m 
N32º 55’ 50.5” 
E 072º 54’12.7” 
Elevation 457.2m 
7 +ve +ve (2) +ve (5) +ve (1) +ve 
Sub tropical  scrub  forests/ 
cultivated and natural area along 
with human habitation 
7 
 
12 April 2010 
N 32º 54’ 52.65” 
E 72º 52’ 36.57” 
Elevation 499.37m 
N 32º 43’38.28” 
E 72º 59’20.26” 
Elevation 496.21m 
30 +ve -ve -ve -ve +ve 
Sub tropical scrub 
forests/cultivated and natural area 
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12 April 2010 
N32º 53’ 56.04” 
E 72º 52’ 43.26 ” 
Elevation 528.22m 
N 32º 53’12.31” 
E 72º 57’15.22” 
Elevation 494.69m 
20 +ve -ve -ve -ve +ve 
Sub tropical scrub  forests/ 
cultivated and natural area along 
with human habitation 
9 
 
 
 
 
25 May 2010 
N 32º 55’ 09.37” 
E 72º 51’ 23.51” 
Elevation 502.92m 
N32º 40’ 12.15” 
E 072º19’48.02” 
Elevation 754.38m 
30 +ve +ve (3) +ve (1) +ve (2) +ve 
Sub tropical  scrub  forests/ 
cultivated and natural area along 
with human habitation 
10 
 
25 May 2010 
N 32º 55’ 09.37” 
E 72º 51’ 23.51” 
Elevation 502.92m 
N 32º 46’ 42.62” 
E 72º 42’ 14.74” 
Elevation 467.87m 
25 +ve -ve +ve (2) -ve -ve 
Sub tropical scrub  forests/ 
cultivated and natural area along 
with human habitation 
16 
 
 
Table 2.1 Continued 
(+ ve) means presence of any of the direct or indirect signs of Indian pangolin, (-ve) means absence of signs of Indian pangolin. 
Sr. 
No. 
Season of 
survey 
Date of Survey Starting Transect 
Geographical 
Coordinates 
Ending Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
Evidences of Existence of Species 
 
Habitat Type Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightings 
Reported 
Sightings 
11 
 
 
 
 
 
 
 
 
 
 
 
 
Summer 
 
22 June 2010 
N 32º 53’ 08.47” 
E 72º 48’ 47.93” 
Elevation 538.27m 
N32º 48’ 17.44” 
E 72º 51’ 32.86” 
Elevation 578.20m 
10 +ve -ve -ve -ve +ve 
Sub tropical  scrub   forests/cultivated 
area 
12 
 
22 June 2010 
N 32º 42’ 55.37” 
E 72º 58’ 39.01” 
Elevation 671.47m 
N 32º 46.931 
E 73º 05.974 
Elevation 879.95m 
10 +ve -ve -ve -ve +ve 
Sub tropical scrub  forests/ natural 
area 
13 
 
13 July 2010 
N 33º 55.522 
E 072º 45.164 
Elevation 512.06m 
N 32º 55.602 
E 073º 18.814 
Elevation 457.50m 
35 +ve -ve -ve -ve -ve 
Sub tropical  scrub  forests/ cultivated 
and natural area along with human 
habitation 
14 
 
13 July 2010 
N 32º 55.602 
E 073º 18.814 
Elevation 457.50m 
N 33º 11.084 
E 073º 15.745 
Eevation 470.30m 
17 +ve -ve -ve -ve -ve 
Sub tropical  scrub   forests/cultivated 
land natural area 
15 
 
13 July 2010 
N 32º 53.439 
E 072º 45.067 
Elevation 565.40m 
N 32º 44.077 
E 072º 59.721 
Elevation 651.05m 
35 +ve -ve -ve -ve +ve 
Sub tropical scrub  forests/ cultivated 
and natural area along with human 
habitation 
16 
 
10 August 2010 
N 32º 44.077 
E 072º 59.721 
Elevation 651.05m 
N 32º 43.325 
E 072º 57.182 
Elevation 687.02m 
5 +ve -ve -ve -ve -ve 
Sub tropical scrub  forests/ cultivated 
land 
17 
 
10 August 2010 
N 32º 43.325 
E 072º 57.182 
Elevation 687.01m 
N 32º 43.899 
E 072º 49.654 
Elevation 459.94m 
8 +ve -ve -ve -ve -ve 
Sub tropical  scrub  forests/cultivated 
lands 
18 
 
16 September 2010 
N 32º 55.936 
E 072º 43.431 
Elevation 522.73m 
N 32º 56.276 
E 072º 41.051 
Elevation 551.99m 
5 +ve -ve -ve -ve +ve 
Sub tropical  scrub  forests/ cultivated 
land 
19 
 
Autumn 
 
 
 
 
16  November 2010 
N 32º 55.602 
E  073º 18.814 
Elevation 457.50m 
N 32º 47.025 
E 071º 57.958 
Elevation 342.9m 
52 +ve -ve +ve (1) -ve -ve 
Sub tropical  scrub  forests/ cultivated 
land and human habitation 
20 
 
Winter 
 
10 Febraury 2011 
N 32º 47.025 
E 071º 57.958 
Elevation 342.9m 
N 32º 42.730 
E 071º 56.306 
Elevation 420.92m 
81 +ve -ve -ve -ve +ve 
Sub tropical  scrub  forests/ cultivated 
lands 
 
  
Total  474   n=57 n=6   
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Indian pangolin (killed for scales). The overall kill record of the species collected 
from different sources from the study area included at least N=57 individuals of 
Indian pangolin from and around various road transects in Talagang (n= 2), Bhaun 
(n=1), Jubairpur (n=5), Chumbi Surla (n=1), Kallar Kahar (n=2), Danda Shah 
Bilawal (n=1), in addition to aforementioned 45 dead bodies. Direct field sightings 
(N = 6), although rare, but were recorded at Mureed (n=2), Chakora (n=1), Jubair 
pur (n=1), and Chumbi Surla (n=2). Areas of most of the road transects travelled 
were found positive regarding reported sightings as 77 out of 85 (90.5%) local 
residents confirmed the presence of Indian pangolin in the area.  
2.4.2 Distribution in District Jhelum 
During road surveys through district Jhelum, a total distance of 266 km was 
travelled using various road transects of variable lengths. The habitat type found 
was sub-tropical scrub forest, consisting of cultivated lands, natural areas and 
human residential areas and Indian pangolin was found consistently distributed in 
this district as well (Table 2.2; Fig. 2.1; Fig. 2.2; Appendix-I). 
 Regarding direct and indirect signs of occurrence of the species during road 
surveys through district Jhelum, burrows of the species were recorded from all 
sixteen transects surveyed, faecal samples (N=12) were found in six of the 
transects, including Mohal (n=2), Rohtas (n=1), Moza Farash Pamal (n=5), Dongi 
(n=1), PD Khan (n=2) and Lilla (n=1). A total of N=13 dead bodies of Indian 
pangolin were recovered including from Dhongi village (n=1), Moza Farash Pamal 
(n=4), P.D. Khan (n=5), and Lilla (n=3).In addition, N=2 jackets of scales of Indian 
pangolin were recovered; one from Dhoke Jamroz and the other from Jalalpur 
Sharif. Only three direct field sightings (N=3) of the species were possible in this 
18 
 
 
district including n=2 from Moza Farash Pamal, and n=1 from Dongi village. 
However, the records of reported sightings from the locals were numerous, almost 
80.52% (62/77). 
2.4.3 Distribution in District Attock  
 The five tehsils (Fateh Jang, Jhand, Pindi Gheb, Hasan Abdal and Hazro) of 
district Attock were road surveyed for recording the occurrence of Indian pangolin 
(Table 2.3; Appendix-I ).Total distance covered during these surveys was 348 km. 
Out of seventeen transects travelled in the district,four were found negative 
(Langer to Bahter Mor, Burhan to Hatyian Chowk, Hatyian to Malakmala and 
Malakmala to Kebla bandi), that is, these road transects didnot show any direct or 
indirect sign of occurrence of Indian pangolin.  
 The road transect taken from Fateh Jang to Kot Fateh Khan (transect no.1) 
showed presence of burrows and one dead animal (n=1). From Fateh Jang to 
Mithyal (transect no.2), along with burrows, live captures were reported by 
localpeople. The burrows, faecal samples (n=4) and reported sightings were 
evidences in the transecttaken from Pind Sultani to Jaba jungle (transect no.3). The 
burrows and reported sightings in transects including fourth, sixth, seventh, eighth 
and sixteenth and only burrows in tenth and fourteenth were detected. The burrows, 
direct sighting (n=1) and reports about occurrence of the species in transect taken 
from Pindi Ghaib city to Chaki (transect no.15) were observed. The prevalence of 
the Indian pangolin in fifth transect (burrows, fecal samples (n=1), kill record (n=2) 
and reported sightings and seventeenth transect (burrows, faecal samples (n=5), kill 
record (n=2), direct (n=2) and reported sightings is proved (Table 2.3; Appendix-I).
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Table 2.2 Records of the surveys conducted on motor vehicle to determine the distribution of Indian pangolin (Manis crassicaudata) in district Jhelum of the 
Potohar Plateau from March 2010 to Febraury 2011). (+ ve) means  presence of any of the direct or indirect signs of Indian pangolin, (-ve) means absence of 
signs of Indian pangolin. 
 
 
Sr. 
No. 
Season of 
survey 
Date ofy Survey 
Starting Transect 
Geographical 
Coordinates 
Ending Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
 
Evidences of Existence of the Species Habitat Type 
 
Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightings 
Reported 
Sightings 
1 
 
 
 
 
 
 
 
Spring 
 
6 March 2010 
N 33º04.412 
E 073º 27.299 
Elevation 350.82m 
N 33º 01.167 
E 073º 37.141 
Elevation 269.74m 
20 +ve -ve -ve -ve +ve 
Sub tropical  scrub 
forests/cultivated and natural 
area 
2 
 
6 March 2010 
N 33º 01.105 
E 073º 37.134 
Elevation 275.84m 
N 32º 59.058 
E 073º 39.429 
Elevation 265.78m 
20 +ve +ve (2) -ve -ve +ve 
Sub tropical scrub  forests/ 
cultivated and natural area 
along with human habitation 
3 
 
13 April 2010 
N 33º 01.105 
E 073º 37.134 
Elevation 275.84m 
N 32º 57’54.90” 
E 073º 34’34.86” 
Elevation 304.8m 
8 +ve +ve (1) -ve -ve +ve 
Sub tropical  scrub 
forests/natural area 
4 
 
13 April 2010 
N 32º 59.058 
E 073º 39.429 
Elevation 265.78m 
N 33º  02.073 
E 073º 27.215 
Elevation 304.8m 
20 +ve -ve -ve -ve -ve 
Sub tropical  scrub 
forests/cultivated area 
5 
 
26 May 2010 
N 33º 01.17 
E 073º 19.376 
Elevation 320.95m 
N 33º  00 43.9 
E 073º  20 45.2 
Elevation 306.93m 
15 +ve -ve 
+ve 
(one 
scale 
jacket) 
-ve +ve 
Sub tropical  scrub 
forests/cultivated and natural 
area 
6 
 
 
 
 
Summer 
 
23 June 2010 
N 33º 01.17 
E 073º 19. 376 
Elevation 320.95m 
N 33º 03.033 
E 073º 23.529 
Elevation 494.99m 
 
20 
+ve 
 
-ve 
 
-ve 
 
-ve 
+ve 
Sub tropical  scrub 
forests/natural area 
7 
 
14 July 2010 
N 33º 03. 033 
E 073º 23.529 
Elevation 494.99m 
N 33º 03.208 
E 073º 23.367 
Elevation 439.82m 
12 +ve +ve 5 +ve 4 +ve 2 +ve 
Sub tropical  scrub forests/ 
cultivated and natural area 
along with human habitation 
8 
 
14 July 2010 N33º 08.789 
E073º 23.859 
Elevation 631.54m 
N33º 11.445 
E073º 25.547 
Elevation 435.25m 
 
8 
 
+ve +ve (1) +ve (1) +ve (1) +ve 
Sub tropical  scrub forests 
cultivated and natural area 
along with human habitation 
20 
 
 
Table 2.2 Continued 
(+ ve) means  presence of any of the direct or indirect signs of Indian pangolin, (-ve) means absence of signs of Indian pangolin
Sr. 
No. 
 
Season of 
survey 
 
Date of Survey 
Starting Transect 
Geographical 
Coordinates 
Ending Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
 
Evidences of Existence of the Species Habitat Type 
 
Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightings 
Reported 
Sightings 
9 
 
 
 
 
 
 
Summer 
 
11August 2010 
N32º 56.989 
E073º 15.890 
Elevation 395.02m 
N32º  51.772 
E073º 23.869 
Elevation 427.93m 
15 +ve -ve -ve -ve +ve 
Sub tropical  scrub 
forests/cultivated area 
10 
 
11August 2010 
N32º 37.939 
E073º 00.765 
Elevation 238.96m 
N32º 34.775 
E072º 49.404 
Elevation 223.41m 
23 +ve -ve -ve -ve +ve 
Sub tropical  scrub   
forests/cultivated area 
11 
 
7 September 010 N32º 37.939 
E073º 49.404 
Elevation 223.41m 
N32º 34.775 
E072º 49.404 
Elevation 218.54m 
6 +ve -ve -ve -ve +ve 
Sub tropical scrub 
forests/cultivated area 
12 
 
7 September 2010 
N32º 35.412 
E072º 02.593 
Elevation 212.75m 
N32º 34.917 
E073º 09.415 
Elevation 202.08m 
 
11 
+ve +ve (2) +ve (5) -ve +ve 
Sub tropical  scrub  
forests/natural  and 
cultivated area 
13 
 
 
 
Autumn 
 
17 November 2010 
N32º 34.917 
E073º 09.415 
Elevation 202.08m 
N32º 36.129 
E073º 09.064 
Elevation 210.31m 
8 +ve -ve -ve -ve -ve 
Sub tropical  scrub forests/ 
natural area 
14 
 
17 November 2010 N32º 34.775 
E072º 49.404 
Elevation 223.41m 
N32º  34.119 
E072º 44.781 
Elevation 214.88m 
9 +ve +ve (1) +ve (3) -ve +ve 
Sub tropical  scrub 
forests/cultivated area 
15 
 
 
 
Winter 
 
11 Febraury 2011 
N32º 35.412 
E072º 02.593 
Elevation 212.75m 
N32º 39.434 
E073º 24.489 
Elevation 221.89m 
36 +ve -ve 
+ve (one 
scale 
jacket) 
-ve +ve 
Sub tropical  scrub  forests/ 
cultivated area 
16 
 
11 Febraury 2011 
N32º 39.434 
E073º 24.489 
Elevation 221.89m 
N32º 52.808 
E073º 36.832 
Elevation 221.58m 
35 +ve -ve -ve -ve -ve 
Sub tropical  scrub  forests / 
cultivated and natural area 
along with human habitation 
 
  
Total  266  12 
n = 13 and 
2 jacket of 
scales 
03   
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Table 2.3 Records of the surveys conducted on motor vehicle to determine the distribution of Indian pangolin (Manis crassicaudata) in district Attock of the Potohar 
Plateau from March 2010 to Febraury 2011. ). (+ ve) means  presence of any of the direct or indirect signs of Indian pangolin, (-ve) means absence of signs of Indian 
pangolin. 
Sr. No. 
 
Season of 
Survey 
 
 
Date Of Survey 
Starting Transect 
Geographical 
Coordinates 
Ending 
Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
 
Evidences of Existence of the Species Habitat Type 
 
Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightings 
Reported 
Sightings 
1 
 
 
 
 
 
 
 
 
 
Spring 
 
7 March 2010 
N 33º 34.764 
E 072º 39.291 
Elevation 
478.23m 
N33º 31.264 
E 072º 29.265 
Elevation 
486.15m 
28 +ve -ve +ve (1) -ve -ve 
Sub tropical scrub  forest/natural 
habitat 
 
2 
 
7 March 2010 
N 33º 34.764 
E 072º 39.291 
Elevation 
478.23m 
N33º 38.421 
E 072º 14.631 
Elevation 
486.15m 
20 +ve -ve -ve -ve +ve 
Sub tropical scrub  forest / 
cultivated and natural area along 
with human habitation 
3 
 
14 April 2010 
N 33º 30.033 
E 072º 11.299 
Elevation 
486.46m 
N 33º 19.084 
E 071º 53.970 
Elevation 
434.03m 
40 +ve +ve (4) -ve -ve +ve 
Sub tropical scrub  forest/ 
cultivated and natural area along 
with human habitation 
4 
 
27 May2010 
N 33º 28.965 
E 072º14.709 
Elevation 
388.62m 
N 33º 15.227 
E 072º 16.564 
Eevation 
322.47m 
30 +ve -ve -ve -ve +ve 
Sub tropical scrub  
forest/cultivated and natural  
area 
5 
 
27 May 2010 
N 33º 15.227 
E 072º 16.569 
Elevation 
322.47m 
N 33º 12.713 
E 072º 21.661 
Elevation 
430.68m 
12 +ve +ve (1) +ve (2) -ve +ve 
Sub tropical scrub  forest/ 
cultivated area 
6 
 
 
 
 
Summer 
 
24 June 2010 
N 33º 12.713 
E 072º 21.661 
Elevation 
470.30m 
N 33º 20.796 
E 072º 34.734 
Elevation 
523.64m 
25 +ve -ve -ve -ve +ve 
Sub tropical scrub  
forest/cultivated area 
7 
 
15 July 2010 
N 33º 20.796 
E 072º 34.733 
Eevation 523.64m 
N 33º 34.001 
E 072º 38.520 
Elevation 
509.62m 
25 +ve -ve -ve -ve +ve 
Sub tropical scrub  
forest/cultivated area 
8 
 
12 August 2010 
N 33º 47.149 
E 072º 21.533 
Eevation 387.70m 
N 33º 49.460 
E 072º 31.450 
Eevation 368.8m 
10 
 
 
+ve -ve -ve -ve +ve 
Sub tropical scrub  forest/ 
cultivated and natural area along 
with human habitation 
22 
  
 
 
Table 2.3 Continued 
Sr. No. 
Season of 
Survey 
Date of Survey 
Starting 
Transect 
Geographical 
Coordinates 
Ending 
Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
 
Evidences of Existence of the Species Habitat Type 
 
Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightings 
Reported 
Sightings 
9 
 
 
 
 
 
 
 
Summer 
 
12 August 2010 
N 33º 39.417 
E 072º 36.257 
Elevation 
437.08m 
N 33º 45.614 
E 072º 43.941 
Elevation 
460.24m 
20 -ve -ve -ve -ve -ve 
Sub tropical scrub  forest/ 
natural area 
10 
 
18 September 
2010 
N 33º 49.774 
E 072º 41.093 
Elevation 
404.77m 
N 33º 46.968 
E 072º 40.663 
Elevation 
438.60m 
6 +ve -ve -ve -ve -ve 
Sub tropical scrub  
forest/natural area 
11 
 
18 September 
2010 
N 33º 49.186 
E 072º 36.367 
Elevation 
386.79m 
N 33º 51.747 
E 072º 27.071 
Elevation 
328.26m 
15 -ve -ve -ve -ve 
 
-ve 
 
Sub tropical scrub  
forest/cultivated and natural 
area 
12 
 
18 September 
2010 
N 33º 51.747 
E 072º 27.071 
Elevation 
327.05m 
N 33º 55.830 
E 072º 32.143 
Elevation 
331.31m 
15 -ve -ve -ve -ve -ve 
Sub tropical scrub  
forest/natural area 
13 
 
 
 
Autumn 
 
18 November 
2010 
N 33º 55.830 
E 072º 32.143 
Elevation 
331.31m 
N 33º 53.41 
E 072º 34.487 
Elevation 
344.11m 
30 -ve -ve -ve -ve -ve 
Sub tropical scrub  forest/ 
cultivated and natural area 
along with human habitation 
14 
 
18 November 
2010 
N 33º 13.209 
E 072º 10.591 
Elevation 
296.87m 
N 33º 15.227 
E 072º 16.564 
Eevation 
322.47m 
40 +ve -ve -ve -ve -ve 
Sub tropical scrub  forest/ 
cultivated and natural area 
15 
 
 
Winter 
 
12 Febraury 2011 
N 33º 15.227 
E 072º 16.564 
Eevation 
322.47m 
N 33º 13.839 
E 72º 11.714 
Elevation 22m 
6 +ve -ve -ve +ve (1) +ve 
Sub tropical scrub  forest/ 
cultivated and natural area 
along with human habitation 
16 
 
12 Febraury 2011 
N 33º 11.781 
E 072º 07.575 
Elevation 
288.03m 
N 33º 10.875 
E 072º  02.406 
Elevation 
352.34m 
10 +ve -ve -ve -ve +ve 
Sub tropical scrub  forest/ 
cultivated and natural area 
along with human habitation 
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(+ ve) means  presence of any of the direct or indirect signs of Indian pangolin, (-ve) means absence of signs of Indian pangolin. 
 
 
 
 
 
Season 
of 
Survey 
Date of Survey 
Starting 
Transect 
Geographical 
Coordinates 
Ending 
Transects 
Geographic 
Coordinates 
Distance 
Covered (km) 
 
Evidences 
of 
Existence 
of the 
Species 
Habitat 
Type 
 
Season 
of 
Survey 
Date of 
Survey Starting 
Transect 
Geographical 
Coordinates 
Ending 
Transects 
Geographic 
Coordinates 
Distance Covered (km) 
17 
 
Winter 
 
12 Febraury 2011 
N 33º  11.850 
E 072º  07.374 
Elevation 
285.29m 
N 33º  10.875 
E 072º  02.406 
Elevation 
352.34m 
16 +ve +ve (5) +ve (2) +ve (2) +ve 
Sub tropical scrub  forest/ 
cultivated and natural area 
along with human habitation 
 
  
Total  348  n=10 n=5 n=3   
Table 2.3 Continued 
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Although, forest type is the same as in the previous two districts mentioned 
but Indian pangolin was found absent at some places. The distribution of Indian 
pangolion in the district is shown in Fig.2.1 and Fig.2.2. A total of 78 people 
interviewed but only 44 (56.41%) agreed they had seen the species in their area. 
2.4.4. Distribution in District Rawalpindi 
 An area of 354 km was surveyed through eighteen transects (Table 2.4) 
during road surveys through different areas of district Rawalpindi (Table 2.4; Fig. 
2.1; 2.2; Appendix-I). Almost 50 % of the transects were found negative for 
occurrence of Indian pangolin because no signs or traces of the species were 
recorded (Dhoke Kala Khan to Gujar Khan, Sahal to Kahuta City, Kahuta City to 
Channi Morri, Channi Morri to Beor Khalool, Lehtrara to Kottli Sattian, Kottli 
Sattian to Murree, GT Road to Taxilla, Taxilla City to Bahtar Mor, Bahtar Mor to 
Ghari Afghan) (Appendix-I). The transects taken from Kanyat Ladhu to Daultala 
(transect no.4) and Kallar Syedan to Bewal (transect no.6) were found positive as 
burrows of the species were recorded there. Along with burrows, sightings by local 
people were reported in transect from Bewal to Seri Subha Shah (transect no.7) and 
Beor Khalool to Sahal Sweari Road (transect no.11). The transects from Rawat to 
Gakhar Sanal (transect no.5) and Rawalpindi to Malpur (transect no.18) showed 
existence of Indian pangolin burrows, and faecal samples (n=6), kill record (n=8), 
direct (n=4) and reported sightings were accounted. The transect no.2 (Gujar Khan 
to Chakri) showed burrows, faecal samples (n=2), kill record (n=6), direct (n=6) 
and reported sightings. The burrows, faecal sample (n=1), kill record (n=1) and 
direct sighting (n=1) were also observed in transect from Chakri to Kanayt Ladho 
(transect no.3). The transect no.12 (Kahuta City to Kanaisar) had burrows, faecal 
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Table2.4. Records of the surveys conducted on motor vehicle to determine the distribution of Indian pangolin (Maniscrassicaudata) in 
Rawalpindi districtof the Potohar Plateauduring the current study period from March 2010 to Febraury 2011.(+ ve) means presence of any of 
the direct or indirect signs of Indian pangolin, (-ve) means absence of signs of Indian pangolin. 
 
 
Sr. No. 
 
Season of 
Survey 
 
Date of Survey Starting Transect 
Geographical Coordinates 
Ending Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
 
Evidences of existence of the species Habitat Type 
 
Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightings 
Reported 
Sightings 
1 
 
 
 
 
 
Spring 
8 March 2010 N 33º 39.025 
E 073º05.876 
Elevation 502.31m 
N 33º 14.872 
E 073º 18.814 
Elevation  457.50m 
53 -ve -ve -ve -ve -ve 
Sub tropical  scrub forest / cultivated 
and natural area along with human 
habitation 
2 
15 April N 33º  14.872 
E 073º 18.814 
Elevation 457.50m 
N 33º 11.984 
E 073º 15.745 
Eevation  470.30m 
10 +ve +ve (2) +ve (6) +ve (6) +ve 
Sub tropical scrub forests/ cultivated 
and natural area along with human 
habitation 
3 
15 April N 33º  11.984 
E 073º  15.745 
Elevation 470.30m 
N 33º  10.211 
E 073º 14.947 
Elevation  459.94m 
5 +ve +ve (1) +ve (1) +ve (1) -ve 
Sub tropical scrub forests/cultivated 
and natural area 
4 
28 May N 33º 10.211 
E 073º 14.944 
Elevation 459.94m 
N 33º 26.108 
E 073º 13.799 
Elevation  570.89m 
15 +ve -ve -ve -ve -ve Sub tropical scrub forests/natural area 
5 
 
 
 
 
 
 
Summer 
25 June N 33º 24.715 
E 073º 11.987 
Elevation 562.35m 
N 33º 24.936 
E 073º 22.627 
Elevation  537.36m 
22 +ve +ve (4) +ve (5) +ve (2) +ve 
Sub tropical scrub forests/ cultivated 
and natural area along with human 
habitation 
6 
16 July N 33º 24.936 
E 073º 22.627 
Elevation 537.05m 
N 33º 20.364 
E 073º 26.691 
Eevation 22m 
12 +ve -ve -ve -ve -ve 
Sub tropical scrub  forest/cultivated 
area 
7 
16 July N 33º 20.364 
E 073º 26.691 
Elevation462.38m 
N 33º 23.595 
E 073º 30.815 
Elevation  516.94m 
20 +ve -ve -ve -ve +ve 
Sub tropical scrub forests/cultivated 
area 
8 
13 August N 33º 32.729 
E 073º 11.251 
Elevation 454.45m 
N 33º 35.227 
E 073º 23.810 
Elevation  593.14m 
25 -ve -ve -ve -ve -ve 
Sub tropical scrub forests/ cultivated 
and natural area along with human 
habitation 
26 
 
 
  
Table 2.4 Continued 
 
Sr. No. 
 
    Season of  
Survey 
 
 
Date of Survey 
Starting 
Transect 
Geographical 
Coordinates 
Ending 
Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
 
Evidences of Existence of the Species Habitat Type 
 
Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightings 
Reported 
Sightings 
9 
 
 
 
 
 
 
Summer 
 
13 August 
N 33º 35.227 
E 073º 23.810 
Elevation 
593.14m 
N 33º 35.150 
E 073º  27.230 
Elevation  
671.16m 
41 -ve -ve -ve -ve -ve 
Sub tropical  scrub forests/ 
cultivated and natural area along 
with human habitation 
10 
 
19  September 
N 33º  35.150 
E 073º 27.230 
Elevation 
671.16m 
N 33º 34.465 
E 073º 33.704 
Elevation  
568.14m 
12 -ve -ve -ve -ve -ve 
Sub tropical scrub forests/natural 
area 
11 
 
19 September 
N 33º 34.465 
E 073º 33.704 
Elevation 
568.14m 
N 33º 35.610 
E 073º 34.320 
Elevation  
591.31m 
5 +ve -ve -ve -ve +ve 
Sub tropical scrub forests/natural 
area 
12 
19 September N33º 35.758 
E073º 23.036 
Elevation 
593.14m 
N 33º  36.189 
E 073º 20.616 
Elevation  
576.98m 
5 +ve +ve  (1) 
+ve  
(5) 
-ve +ve 
Sub tropical scrub 
forests/cultivated and natural area 
13 
 
 
 
 
 
 
Autumn 
19 November N33º 42.542 
E073º 26.440 
Elevation 
859.84m 
N 33º 47.826 
E 073º 31.172 
Elevation  
1329.84m 
30 -ve -ve -ve -ve -ve 
Coniferous forest/ cultivated and 
natural area along with human 
habitation 
14 
19 November N 33º 47.826 
E 073º31.172 
Elevation 
1329.84m 
N 33º 54’ 23.48” 
E 073º 23’37.29” 
Elevation  
2171.09m 
35 -ve -ve -ve -ve -ve 
Coniferous forest/ cultivated and 
natural area along with human 
habitation 
15 
19 November N33º 39.987 
E 073º 05.339 
Elevation 
534.92m 
N33º 43.077 
E 073º 08.309 
Elevation  
532.79m 
15 -ve -ve -ve -ve -ve 
Sub tropical  scrub  forest/ 
cultivated and natural area along 
with human habitation 
16 
19 November N 33º 44.169 
E 072º 48.084 
Elevation 
509.62m 
N33º 45.023 
E 072º 42.737 
Elevation  
447.14m 
10 -ve -ve -ve -ve -ve Sub tropical  scrub  
forest/cultivated and natural area 
27 
 
 
  
 
Table 2.4 Continued 
(+ ve) means  presence of any of the direct or indirect signs of Indian pangolin, (-ve) means absence of signs of Indian pangolin. 
 
 
 
Sr. No. 
Seson of Survey Date of Survey 
Starting Transect 
Geographical 
Coordinates 
Ending Transects 
Geographic 
Coordinates 
Distance 
Covered 
(km) 
 
Evidences of Existence of the Species Habitat Type 
 
Burrows 
Fecal 
Samples 
Kill 
Record 
Direct 
Sightings 
Reported 
Sightings 
17 
 
 
Winter 
13 Febraury N33º 45.023 
E 072º 42.737 
Elevation 447.14m 
N 33º  47.980 
E 072º  47.104 
Elevation 476.7m 
20 -ve -ve -ve -ve -ve Sub tropical scrub  forest/natural 
area 
18 
13 Febraury 
N33º 39.987 
E 073º 05.339 
Elevation 534.92m 
N33º 43.077 
E 073º 08.309 
Elevation 
532.79m 
19 +ve +ve (2) +ve (3) +ve (2) +ve 
Sub tropical  deciduous forest/ 
cultivated and natural area along 
with human habitation 
 
  
Total    n=10 n=20 n=11   
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samples (n=1), kill record (n=5) and reported sightings (Table 2.4; Fig. 2.2). 
In all positive and negative transects in the district, a total of 87 people were 
interviewed; only 36 (41.38%) gave information about occurrence of the Indain 
pangolin in district Rawalpindi. 
There were three forests types prevailing in different areas of Rawalpindi 
district; sub-tropical scrub, sub-tropical deciduous and coniferous forests. The first 
two are included in the preferred habitat of Indian pangolin while at third type of 
habitat Indian pangolin was found absent, that is two Tehsils of the Rawalpindi 
district; Kotli Sateyan and Murree, both of which possess coniferous forests.  
2.4.5 Success Rate of Different Techniques Used in the Study of Distribution of 
Indian Pangolin  
The different signs of Indian pangolin (burrows, reported sightings, kill 
records, faecal droppings and direct sightings) recorded and used to analyze its 
presence in all positive transcts were compared. 
In district Chakwal, burrows of Indian pangolin were observed in all twenty 
transects (N=20), whereas local people reported about occurrence of animal species 
in twelve transects. The record of other evidences found included seven kill record; 
two road accidents (Kallar Kahar area=1, Talagang=1) and five were killed by 
hunters), four direct sightings and fecal droppings were found in three transects 
(Table 2.1; Appendix-I). In district Jhelum, burrows of the species were recorded 
from all (16) transects, local people reported sightings of the species in twelve 
transects, kill record in six (two road kill P.D. Khan=2), two killed by farmers and 
two by hunters) two direct sightings and faecal droppings in six transects (Table 
2.2; Appendix-I). In district Attock, burrows of Indian pangolin were 
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Figure 2.1 A) Map of Pakistan showing location of the Potohar Plateau, B) Gis-based distribution map of the Indian pangolin (Manis 
crassicaudata) in the Potohar Plateau; dots showing location points in four districts of the study area where the species was recorded.  
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Figure 2.2 Map of Potohar Plateau showing areas where sightings (both direct and indirect), burrow presence, fecal droppings and kill data 
of Indian pangolin were recorded. 
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Figure 2.3 Incidence (%) of occurrence of evidences (burrows, reported sightings, 
kill record, fecal count and direct sightings) in favor of distribution of Indian 
pangolin in Potohar plateau. 
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Figure 2.4 The number of burrows of Indian pangolin recorded in the field and the bfecal dropings recovered during different seasons of 
the year from the Potohar Plateau.  
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recorded in all positive transects (09), kill record in three transects (one road kill 
(Jhand =1) and two by hunters), direct sightings in two and faecal droppings in 
three transects (Table 2.3; Appendix-I). 
The typical burrows of Indian pangolin were observed in all positive 
transects (9) throughout district Rawalpindi, sighting records by local people in six 
transects, kill record in five (three road kills; Chakri=2, Malpur=1) and two killed 
by hunters), direct sightings in four transects and faecal droppings were found in 
five transects (Table 2.4; Appendix-I). 
The average percentage of success of various techniques used in the current 
study for recording occurrence of Indian pangolin in the Potohar Plateau showed 
that the presence of burrows of the species  was  highest followed by reported 
sightings, kill record, fecal droppings and least for direct sightings (Fig. 2.3). 
The number of burrows of Indian pangolin recored in the field and the fecal 
droppings recovered during all seasons of the year (spring, summer, autumn and 
winter) in the study area indicate (Fig. 2.4; Appendix–X) that the animal species is 
active throughout the year.  Its burrows were recorded during the whole year 
(maximum in summer followed by spring) and its feces were also collected in 
different seasons including from district Chakwal (spring, n=10), district Jhelum 
(spring, n=3, summer, n=8 and autumn, n=1), district Attock (spring, n= 5 and 
winter, n=5), and district Rawalpindi (spring, n=3, summer, n=5 and winter, n=2).  
2.5 DISCUSSION 
The Potohar Plateau is an important and essential habitat of the Indian 
pangolin, however, detailed ecological studies on this species in the study area 
were lacking. In the current study, we investigated distribution of the species across 
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all four districts (Chakwal, Jhelum, Attock and Rawalpindi) of the plateau. Results 
showed the occurrence of Indian pangolin in all transects taken in two districts of 
the Plateau (Chakwal and Jhelum); the former district possesses sub-tropical scrub 
forest and undulating landscape while the later one has sub-tropical thorn forest 
and dry deciduous forests (Roberts,1997). Earlier on, Roberts (1997) had reported 
that Indian pangolin prefers barren hilly areas and sub-tropical thorn forests. 
Similarly, Pai (2008) gave list of various types of tropical forests inhabited by 
Indian pangolin, ranging from moist to dry and thorn to grassland. According to 
Molur (2005), the species may occupy tropical and sub-tropical dry and moist 
deciduous forests. 
In the current study, Indian pangolin was not recorded from most areas of 
Tehsil Hasan Abdal and Hazro of district Attock, and from Tehsil Kahuta of 
district Rawalpindi. Only traces (old burrows) of animal species were noticed at 
Kandari Pur (Hassan Abdal) and Kanaisar (Kahuta). Generally, the topography of 
these areas is hard soil (Rehman et al., 2010) which is not a suitable habitat for 
Indian pangolin. The other two tehsils of Rawalpindi, Murree and Kotli Sateyan, 
are totally deprived of the animal species. The probably reason being higher 
elevation; Murree is located at an elevation of 2171 m from sea level and Kotli 
Sateyan at 1330 m asl. Moreover, here the habitat consisted of coniferous forest 
that seems unsuitable for Indian pangolin occurrence. The pangolin species in 
Nepal and Bhutan are restrained to elevations under 1524 m (Frick 1968; Mitchell, 
1975).  
 In fact locating and identifying burrows of Indian pangolin was the 
preliminary step in the study regarding distribution of the species in the study area. 
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Burrows were found in all transects where animal was present. The animal species 
is specialized in making burrows; it has strong forelimbs with hard claws which are 
modified for excavating burrows (Swart et al., 1999). The burrows of Indian 
pangolin were recognized in the field based on their characteristics shape (almost 
rounded), prey remains (ants and termites) and faecal droppings present over there. 
After locating the typical burrows of Indian pangolin, other confirmation 
about its survival was explored and the particular area was focused to obtain 
supplementary data (questionnaire survey); faecal dropping, direct sighting /live 
capture, kill record (dead bodies recovered) and other traces of animal like scales. 
The interviewees belonged to different backgrounds including local hunters, shop 
keepers, farmers, nomads, businessmen and school boys of the study area.  
It is worth mentioning that local people’s knowledge is also an important 
consideration in the study of distribution of such a nocturnal, shy and rare species 
along with other methods used (direct observations). This statement is based upon 
the fact that regarding wildlife studies where no scientific literature exists about a 
species occurrence, the information is gathered from the native people through 
questionnaire surveys. Newton et al. (2008) also had the similar opinion, he used 
both direct methods (sightings/traps) and secondary method (interviews with local 
hunters) in biodiversity surveys to check the distribution of pangolins in Vietnam. 
The later strategy proved to be more successful. 
We found distribution range of Indian pangolin in district Chakwal as 478 
m (Chakwal-Mandra road) to 879 m (Bashrat hills, Choa Saiden Shah) above sea 
level.  In district Jhelum, it lies between 202 m (Haran Pur Victoria pull) to 631 m 
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(Sohawa). The areas of minimum and maximum elevations were 285 m (Hadowali) 
and 523 m (Durnal), respectively, in district Attock. In district Rawalpindi, highest 
and lowest elevations of species occurreence were 457 m (Gujar Khan) to 593 m 
(Kahuta). This is in accordance with Roberts (1997) who reported an Indian 
pangolin at 762 m high hills in Rawalpindi. In India Prater (1971) also accounted 
its occupancy on both plains and hills.   
2.6 CHAPTER SUMMARY 
The current study investigated distribution of Indian pangolin in the  
Potohar Plateau; the study area included four districts that comprised of twenty-one 
tehsils, a total area of 1439 km was covered in 71 road transects.  
 In district Chakwal, distribution of Indian pangolin was found scattered in 
five tehsils: Chakwal, Choa Saidan Shah, Kallar Kahar and Talgang. The similar 
situation was noticed in four thesils of Jhelum district, namely Dina, Sohawa, 
Jhelum and Pind Dadan Khan. The burrows of pangolin were recorded everywhere; 
near human dwellings, cultivated fields, forests as well as in wild natural areas.  
The natives of the study area were aware of the species presence around them.  
 The live and dead specimens of Indian pangolin recovered, fresh feeding 
and living burrows and the faecal droppings of Indian pangolin were supportive 
evidences about its occurrence in the area. Since the area searched was very small 
(250 m on either sides of the road), and it was clearly visible to recording the direct 
and indirect signs of the species in the field, therefore, detectability was not 
calculated, and there was no chance of missing out of the animal. The animal 
species was found active throughout the year as the different signs of its activity 
were noticed duing field surveys.  
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 In district Attock, the situation of Indian pangolin’s occurrence was found 
somewhat different; it was present in some transects while found absent in the 
others. The three tehsils (Fateh Janag, Pindi Ghaib and Jhand) showed presence of 
the species, while the other two (Hassan Abadal and Hazro) were found not having 
the species. Likewise, in disrtict Rawalpindi, out of seven tehsils (Rawalpindi, 
Gujar Khan, Kallar Sayedan, Taxilla, Kahuta, Murree and Kotli Sateyian), Indian 
pangolin was recorded in first three tehsils,also in some areas of the other two  but 
totally absent from the last two Tehsils of Rawalpindi. The two main factors that 
probably limit the distribution of Indian pangolin in the study area include firstly, 
the habitat type, and secondly, the elevation. Results of the current study indicate 
that sub-tropical thorn forests and deciduous forests are preferred habitat of Indian 
pangolin and it was widely dispersed in such habitat of Chakwal and Jhelum. 
Along with the forest type, topography of the area also matters in habitation of it as 
Hasan Abdal and Hazro have scrub and thorn forests but due to hard sedimentary 
areas the Indian pangolin does not exist in most of these areas. Similar conditions 
were present in Taxilla and Kahuta Tehsils of district Rawalpindi. The same two 
factors (forest type and elevation) hinder the animal species to inhabit Murree and 
Kotli Sateyan.  
The maximum elevation of animal occupancy recorded in the current study 
was 879 m at Bashrat hills in district Chakwal whereas Murree and Kotli Sateyan 
have 2171 m and 1329 m elevation, respectively, but having no records of the 
occurrence of Indian pangolin. The preffered habitat of the species included sub-
tropical thorn and scrub forests whereas no evidences of Indian pangolin existence 
were found in coniferous forests. 
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                                                                                                       Chapter 3 
VEGETATION ANALYSIS OF THE HABITAT OF INDIAN 
PANGOLIN 
3.1 INTRODUCTION 
Pakistan has a diversity of habitats including, mountainous regions 
(Himalaya, Hindukush and Karakoram ranges), temperate forests, alpine forests 
and sub-tropical forests, the Indus plain (tropical forests) and the coastal zone of 
Arabian Sea (Amin, 1989; Roberts, 1997). This climatic variation is revealed by an 
array of mammalian fauna in the country (Mufti et al., 1997). 
Indian pangolin (Manis crassicaudata) habitation varies from hilly areas to 
forests and grasslands (Pai, 2008). It occupies both tropical and sub-tropical forests 
(IUCN, 2009). The tropical forests in its abode (moist to dry) were also reported by 
Zoological Survey of India (2002). However, the species prefers barren hilly areas 
and sub-tropical thorn forest to live (Roberts, 1997). 
 Generally, Indian pangolin is ground dweller (digs tunnels) but (live in 
hollow trees) also reportedas arboreal (Heath, 1995; Prater 1980). The occurrence 
of Indian pangolin is reported from literature in the tree dwelling areas, gardens, 
human residential areas and forests (Humphrey and Bain, 1990; Francis, 2008; 
Duckworth et al., 2008). It selects areas where there is an availability of its insect 
food. The traces of its feeding are noticeable in areas consisting of vegetation and 
uncovered earth as well (Richer et al., 1997). Its presence in cultivated land was 
also confirmed by Baillie (2014) though he accounted a diminutive acknowledged 
life history of Indian pangolin. 
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3.2 REVIEW OF LITERATURE 
The Indian pangolin is an enigmatic and hostile creature. It has a delicate 
relation with its habitat and so habitat degradation is one of the causes of its 
endangerment (Wu et al., 2004; Zoological Survey of India, 2002). The factors 
responsible for habitat degradation as reported by Thapa (2014) include forest fire 
(36.50%), deforestation (23.10%), road construction (21.20%) and silage (11.50%). 
Haq et al. (2011) carried out vegetation analysis at Dhrabi watershed in 
district Chakwal, and found Acacia modesta and Olea ferruginea as dominant trees 
and Cenchrus ciliaris and Cynodon dactylon as dominant grasses. Similarly, at 
Chumbi Surla Wildlife Sanctuary (district Chakwal) and Domeli Game Reserve 
(district Jhelum), a tree species Acacia modesta, a shrubs species Justicia adhatoda 
and herbs Chrysopogon serrulatus, Cynodon dactylon and Dichanthium foveolatum 
were found to be  dominant part of vegetation (Nawaz et al., 2012). 
3.3 MATERIALS AND METHODS 
 
 Vegetation of the study area was analyzed to investigate the importance of 
different vegetation species to Indian pangolin in its habitat, especially in relation 
to burrow excavation. For vegetation analysis, two sampling sites were selected 
from each district (Total N=8 sampling sites from the whole study area) 
considering as potential sites (on the basis of presence of direct and indirect signs 
of Indian pangolin, that is, faecal droppings, feeding and living burrows, direct 
sightings and reported sightings by local people). The selected sampling sites 
included Jubair Pur and Murreed (district Chakwal), Moza Frash Pamal and Dongi 
(district Jhelum), Jhand and Pindi Gheb (district Attock) and Gakahr Sanal and 
Sihal (district Rawalpindi). Vegetation analysis was carried out by by using “Point 
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Centered Quarter” method (Cottom and Curtis, 1956) to record data about tree 
species, while “Quadrate Method” (Emlen, 1956; Oosting, 1956) was used for 
estimating shrubs and herbs. At each selected site, the trees, shrubs and herbs 
present were collected, identified and quantifed. The quadrtaes were laid down 
randomly at each site to ensure that they were representative of the total area 
surveyed. 
3.3.1 Point Centered Quarter Method 
A transect of 300 m long was established at each selected sampling site and 
divided into six quarters at 50 m apart. On each quarter, nearest tree species were 
noted (identified) diagonally. Moreover, the distance between the sampling point to 
the centre of trunk of tree species and diameter at breast height (DBH) of each 
sampled tree species was recorded. For quantifying tree species, formulae used 
included;  
Density (tree species) =   Total number of individuals of a species                                                                                      
Total number of Quarters 
Relative density (tree species) = Quarter with a species      X 100 
     Total number of Quarters 
Frequency (tree species) = Number of sample points with a species   X 100 
     Total number of Quarters 
Relative frequency (tree species) =    Frequency value of a speciesX100 
    Total frequency value of all species 
 
Relative cover (tree species) =  Total basal area of a speciesX 100 
     Total basal area of all species 
IVI= Relative density + Relative frequency + Relative cover 
3.3.2 Quadrate Method 
 For estimating shrub species, on an area of 2 km
2
, six quadrats (4 m × 4 m)  
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were laid down randomly so that they were representative of the total area 
surveyed. The total numbers of shrub species in each quadrat were counted, and 
identified for their relative density, relative frequency, relative cover and 
importance value index (IVI). 
Similarly, for herb species, a total of six quadrats (1 m × 1 m) were laid 
down at each sampling site randomly on an area of 2 km
2
. The total numbers of 
herbs and grasses species were counted and identified in each quadrat for 
estimating their relative density, relative frequency, relative cover and importance 
value index (IVI). Following formulae were used for quantification of shrubs and 
herbs species; 
Density =   Total number of individuals of a speciesX 100 
        Total number of quadrates x Area of one Quadrate 
 
Relative density =Total number of individuals of a species in all QuadratesX 100 
                              Total number of all species in all Quadrate 
 
Frequency =   Number of Quadrates with a speciesX 100 
  Total number of Quadrate 
Relative frequency =   Frequency value of a speciesX 100 
               Total frequency value of all species  
 
Relative cover =   Total cover of a speciesX 100 
                             Total cover of all species  
 IVI= Relative density + Relative frequency + Relative cover 
3.3.3 Statistical Analysis 
 The numbers of active living burrows of Indian pangolin present along with 
or around different tree/shrubs species were compared to find out their association 
with the particular vegetation species. Since the vegetation density of different 
42 
 
 
  
species differed in the data recorded, so the burrow numbers had to be adjusted 
(Appendix-VI) by using formula; 
Highest density of vegetation species x No. of burrows with that plant species 
Species density for which burrows number is to be adjusted 
 
 
 After that, One-way Analysis of Variance (ANOVA) was used to compare 
Indain pangolin association with particular vegetation species. The significance 
was calculated by using Post-Hoc test (Ducan). 
3.4 RESULTS 
Habitat of Indian pangolin was evaluated by analyzing data about trees, 
shrubs and herbs species at selected sampling sites (N = 8) from all four districts of 
the Potohar Plateau including Chakwal, Jhelum, Attock and Rawalpindi. 
3.4.1 Vegetation analysis of District Chakwal 
3.4.1.1 Tree species  
Habitat of Jubair Pur sampling site was of mixed type, consisting of 
cultivated lands and also some wild areas. A total of six tree species were recorded; 
Acacia nilotica, Ziziphus mauritiana, Acacia modesta, Dalbergia sissoo, Tamarix 
aphylla and Eucalyptus clamadulensis. Maximum Importance Value Index (IVI) 
was recordedfor Acacia nilotica (IVI=96.61) followed by Ziziphus mauritiana 
(IVI=73.63), Acacia modesta (IVI=46.6), Dalbergia sissoo (IVI=36.2), Tamarix 
aphyla (IVI=27.92) and Eucalyptus clamadulensis (IVI=18.93) (Table 3.1; Fig. 
3.1). 
At the second sampling site (Murreed), habitat consisted of large cultivated 
land and some wild area, human habitation was also present in the surroundings. 
The dominant tree species was Ziziphus mauritiana, (IVI=128.60), followed by 
Acacia nilotica (IVI=104.8), Acacia modesta (IVI=53.91) and least for Capparis  
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Table 3.1 Density, frequency, relative cover and IVI of tree species quantified at 
two sampling sites (Jubair Pur and Mureed) in district Chakwal of the Potohar 
Plateau during the current study period. 
 
 
 
Study site 
Sr. 
No. 
Tree species 
Density/ 
ha 
Relative 
Density 
Relative 
Frequency 
Relative                                        
Cover 
IVI 
 1 
Ziziphus 
mauritiana 
1.97 25 25 23.63 73.63 
 
Jubair Pur 
 
 
 
 
 
 
Murreed 
 
2 
Dalbergia 
sissoo 
0.66 10 16.6 9.62 36.2 
3 Acasia nilotica 2.96 30 25 41.61 96.61 
4 
Euclyptus 
clamadulenesis 
0.33 5 8.3 5.63 18.93 
5 
Tamarix 
aphylla 
0.33 10 8.3 9.62 27.92 
6 
Acasia 
modesta 
1.65 20 16.6 10 46.6 
 Mean±SE 1.31±0.43 14.2±4.0 16.6±3.02 14.30±5.5 49.9±12 
1 
Acacia 
modesta 
0.92 12.56 19.61 21.74 53.91 
2 
Ziziphus 
mauritiana 
3.36 45.90 39.22 43.48 128.60 
3 
Capparis 
deciduas 
0.30 4.09 6.53 2.17 12.79 
4 Acacia nilotica 2.74 37.43 34.64 32.61 104.8 
  Mean ± SE 1.83±0.72 24.9±1.089 25±9 25±8 62.5±26 
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decidua (IVI=12.79) (Table 3.1; Fig 3.1). 
3.4.1.2 Shrub species 
 At Jubair Pur site, a total of three species of shrubs viz. Zizyphus 
nummularia, Prosopis cineraria, and Calotropis procera were recorded.  Zizyphus 
nummularia and Prosopis juliflora both had high IVI (157.8 and 101.7, 
respectively) as compared to Calotropis procera (37.09) (Table 3.2; Fig 3.2). A 
total of five shrub species were recorded at the second sampling site (Murreed) in 
district Chakwal with highest IVI for Zizyphus nummularia, (102.7), followed by 
Prosopis juliflora (68.5), and Dodonaea viscosa (50.91), the other two species 
Lantana camara and Grewia optiva had IVI = 39.14 each (Table 3.2; Fig. 3.2). 
3.4.1.3 Herb species 
 At Jubair Pur sampling site, a total of seven herb species were recorded 
including Cyperus rotundus (IVI = 86), Alhagi maurorum (IVI = 67.5), Dicentra 
roxburghina (IVI = 54.94), Amaranthus hybridus (IVI = 31.3), Heliotropium 
europaeum (IVI = 28.91), Tribulus terrestris (IVI= 18.52) and Carthamus 
oxyacantha (IVI= 11.73) (Table 3.3; Fig 3.3). At Mureed sampling site in district 
Chakwal, the herb species recorded included Chenopodium album (IVI = 71.03), 
Cynoglossum lanceoalatum (IVI = 61.4), Oenothera rosea (IVI = 48.53), 
Amaranthus hybridus (IVI = 46.83), Trianthema portulcastrum (IVI = 42.82) and 
Aerva javanica (IVI = 27.1) (Table 3.3; Fig. 3.3).  
3.4.2 Vegetation Analysis of District Jhelum 
The vegetation analysis in district Jhelum was carried out at two selected 
sampling sites viz. Moza Frash Pamal and Dongi, to quantify trees, shrubs and 
herbs. 
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Table 3.2 Density, frequency and relative cover of shrub species quantified at two 
selected sampling sites (Jubair Pur and Murreed) of the district Chakwal in the 
Potohar Plateau.  
 
 
 
 
 
Sampling 
site 
Sr. 
No. 
Shrubs  species 
Density/  
4m² 
Relative 
Density 
Relative 
Frequency 
Relative                                                    
Cover 
IVI 
Jubair 
Pur 
 
 
 
 
Murreed 
 
 
1 Zizyphus nummularia 0.83 54.5 42.8 60.5 157.8 
2 Prosopis julilfora 0.66 36.3 32.7 32.7 101.7 
3 Calotropis procera 0.33 9.09 21.4 6.6 37.09 
 Mean±SE 0.60±0.14 33.2±13 32.3±6.17 33.2±15.5 98.86±34.87 
1 Ziziphus nummularia 0.1 29.41 30.79 42.5 102.7 
2 Lantana camara 0.66 11.76 15.38 12 39.14 
3 Prosopis juliflora 0.66 23.53 23.07 22.2 68.8 
4 Grewia optiva 0.33 11.76 15.38 12 39.14 
5 Dodonaea viscose 0.33 23.53 15.38 12 50.91 
 Mean±SE 0.56±0.09 199.99±3.4 20.00±3.04 20.00±5.9 60.13±11.93 
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Table 3.3 Density, frequency and relative cover of herb species occurring at two selected sampling sites (Jubair Pur and Mureed) of the 
district Chakwal in the Potohar Plateau. 
 
 
 
 
Sampling site 
 
Sr. No. 
 
 Herb species 
 
Density/ 1m
2
 
Relative 
Density 
Relative 
Frequency 
Relative                                        
Cover 
 
IVI 
 1 Alhagi maurorum 0.10 21.2 25 21.3 67.5 
 
Jubair Pur 
 
 
 
 
 
 
 
Murreed 
 
 
 
2 Dicentra roxburghina 0.08 17.02 19.9 18.02 54.94 
3 Heliotropium europaeum 0.04 8.51 9.9 10.5 28.91 
4 Carthamus oxyacantha 0.02 4.25 4.98 2.5 11.73 
5 Amaranthus hybridus 0.05 10.6 9.9 10.8 31.3 
6 Tribulus terrestris 0.03 6.38 4.98 7.16 18.52 
7 Cyperus rotundus 0.15 31.9 25 29.4 86.3 
          Mean±SE 0.06±0.015 14.2±3.66 14.2±3.35 14.2±3.47 42.7±10.38 
1 Cynoglossum lanceoalatum 0.05 21 21 19.4 61.4 
2 Oenothera rosea 0.04 17.3 14.28 16.95 48.53 
3 Amaranthus hybridus 0.04 17.3 14.28 15.25 46.83 
4 Chenopodium album 0.05 21 28.57 21.46 71.03 
5 Trianthema portulcastrum 0.03 13.04 14.28 15.5 42.82 
6 Aerva javanica 0.02 8.69 7.12 11.29 27.1 
         Mean±SE 0.03±0.016 16.38±1.77 16.58±2.99 16.64±1.42 49.6±6.21 
47 
 
 
  
3.4.2.1 Tree species  
 Habitat of the Moza Frash Pamal (sampling site-1) in district Jhelum 
comprised of wild or natural areas only. A total of six tree species were recorded 
there including Acacia nilotica, Zizyphus mauritiana, Acacia modesta, Capparis 
deciduas, Olea ferruginea and Salvadora oleoides. Maximum Importance Value 
Index (IVI) was recorded for Acacia modesta (IVI=112.72) and lowest for Olea 
ferruginea (IVI=12.28) (Table 3.4; Fig 3.1).  
 At the second sampling site (Dongi), habitat consisted of large cultivated 
land and some natural area, human habitation was also present.The dominant tree 
species was Acacia modesta since it had maximum IVI (IVI= 67.31), while least 
IVI was recorded for Capparis decidua (IVI= 9.1) (Table 3.4; Fig. 3.1). 
3.4.2.2 Shrub species 
A total of four shrubs species were recorded at Moza Frash Pamal in district 
Jhelum including Adhatoda Zeylanica, Calotropis procera, Ziziphus nummularia 
and Lantana camara. Here Calotropis procera showed highest IVI (89.19) while 
Lantana camara showed minimum IVI (57.08) (Table 3.5; Fig. 3.2). 
At the second selected sampling site (Dongi) in district Jhelum, five shrubs 
species including Ziziphus nummularia, Calotropis procera, Grewia 
optiva,Dodonaea viscosa and Lantana camara (Table 3.5; Fig. 3.2 ). 
3.4.2.3 Herb species 
 A total of five herb species were recorded at Moza Frash Pamal, including 
Dicentra roxburghina (IVI= 68.11), Alhagi maurorum (IVI= 63.2), Cypreus 
rotundus (IVI= 56.61), Saccharum bengalense (IVI= 38.12), Cynodon dactylon 
(IVI=26.44) and Carthamus oxyacantha (IVI=16.34). At the second sampling site 
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(Dongi) in district Jhelum, eight herb species recorded were Aerva javanica 
(IVI=16.34,) Dicentra roxburghiana (IVI=42.88), Chenopodium album 
(IVI=41.58), Cenchrus ciliaris (IVI=39.15), Carthamus oxyacantha (IVI=39.11), 
Cyperus rotundus (IVI= 35.25), Amaranthus hybridus (IVI= (27.37) and Eragrostis 
prolifera (IVI=19.84) (Table 3.6; Fig 3.3). 
3.4.3 Vegetation Analysis of District Attock 
The vegetation analysis carried out at two selected sampling sites included 
Jand and Hadowali in the district Attock of the Potohar Plateau.  
3.4.3.1 Tree species  
Habitat of the first sampling site (Jand) in district Attock was of mixed 
type, consisting of cultivated lands and also some wild or natural areas. A total of 
six tree species were recorded at this site; Acacia modesta, Ziziphus mauritiana, 
Dalbergia sissoo, Prosopis cineraria and Capparis decidua. Maxmum Importance 
Value Index (IVI) was recordedfor Acacia modesta (IVI=133.4) and minimum for 
Capparis decidua (IVI=10.76) (Table 3.7; Fig. 3.1) 
At Hadowali sampling site in district Attock, the habitat of Indian pangolin 
consisted of large cultivated land and some wild areas, human habitation was also 
present around. The dominant tree species was Acacia modesta with maximum IVI  
Dodonea viscose and Lantana camara were recorded. Among these, Calotropis 
procera  had maximum IVI (87.99) while Lantana camara (45.56)  had minimum 
IVI (Table 3.5; Fig. 3.2) while the minimum IVI was recorded for Eucalyptus 
clamadulenesis (IVI = 20.46) (Table 3.7; Fig. 3.1). 
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Table 3.4 Density, frequency, relative cover and IVI of tree species recorded at two selected sampling sites (Moza Frash Pamal and Dongi) 
 in district Jhelum of the Potohar Plateau. 
 
 
 
 
Study site Sr. No.  Tree species Density/ ha Relative 
Density 
Relative 
Cover 
Relative                                        
frequency 
IVI
 1 Acacia modesta 2.25 37.5 43.63 31.59 112.72 
 
Moza Frash 
Pamal 
 
 
 
 
 
 
Dongi 
2 Ziziphus mauritiana 1 16.6 18.64 21.04 56.28 
3 Acacia nilotica 1 16.6 8.80 15.70 41.10 
4 Salvadora oleoides 1 16.6 20.2 15.70 52.50 
5 Capparis deciduas 0.50 8.3 1.5 10.52 20.32 
6 Olea ferruginea 0.25 0.04 7.0 5.24 12.28 
          Mean ± SE 1.0±0.28 15.94±5.0 16.62±6.1 16.63±3.7 49.2±14.5 
1 Acacia nilotica 0.915 16.66 19.50 2.50 61.10 
2 Acacia modesta 1.37 24.95 25.70 16.66 67.31 
3 Dalbergia sissoo 1.14 20.76 18.49 20.80 60.05 
4 Ziziphus mauritiana 0.68 12.38 11.28 12.5 36.18 
5 Ficus benjamina 0.68 12.38 6.88 12.5 31.76 
6 Eucalyptus clamadulenesis 0.45 8.19 17.18 8.30 33.67 
7 Capparis deciduas 0.22 4.00 0.95 4.15 9.10 
         Mean ± SE 0.779±0.14 14.1±2.7 14.28±3.18 11.05±2.4 42.7±7.8 
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Table 3.5 Density, Relative frequency and relative cover of shrub species recorded at two selected sampling sites (Moza Frash Pamal and 
 Dongi) in district Jhelum of the Potohar Plateau. 
 
 
 
 
Sampling site Sr. 
No. 
  Shrubs  species Density/  4m² Relative 
Density 
Relative 
Frequency 
Relative                                                    
Cover 
IVI
 1 Adhatoda zeylanica 0.06 22.2 26.31 29.16 77.67 
MozaFrash Pamal 
 
 
 
 
Dongi 
 
 
 
2 Calotropis procera 0.07 25.92 31.58 31.66 89.16 
3 Zizyphus nummularia 0.06 22.2 26.31 27.49 76.00 
4 Lantana Camara 0.08 29.62 15.79 11.67 57.08 
 Mean±SE 0.67±0.04 24.9±1.7 24.9±3.31 24.9±4.5 74.9 ±6.64 
1 Zizyphus nummularia 0.06 18.18 30 20.01 68.19 
2 Calatropis procera 0.104 30.30 25 32.69 87.99 
3 Grewia optiva 0.08 24.24 10 17.56 51.80 
4 Dodonaea viscose 0.04 12.12 20 14.30 46.42 
5 Lantana camara 0.05 15.15 15 15.41 45.56 
  Mean±SE 0.66±0.11 19.9±3.2 20±3.5 19.9±3.32 59.9±8.09 
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Table 3.6 Density, frequency and Relative cover of herb species recorded at two selected sampling sites (Moza Frash Pamal and Dongi) in 
 district Jhelum. 
 
 
Study site Sr. 
No. 
 Herb species Density/ 1m
2
 Relative 
Density 
Relative 
Frequency 
Relative                                        
Cover 
IVI
 1 Dicentra roxburghina 0.14 24.13 20 23.98 68.11 
 
MozaFrash 
Pamal 
 
 
 
 
 
 
 
Dongi 
 
 
2 Alhagi maurorum 0.12 20.6 20 22.6 63.20 
3 Cyperus rotundus 0.09 15.51 24 17.1 56.61 
4 Amaranthus hybridus 0.05 8.62 12 10.26 30.88 
5 Cynodon  dactylon 0.06 10.34 7.9 8.2 26.44 
6 Saccharum bengalense 0.08 13.79 12 12.33 38.12 
7 Carthamus oxyacantha 0.04 6.89 3.98 5.47 16.34 
          Mean 0.82±0.13 14.2±2.3 14.2±2.7 14.2±2.6 42.8±7.5 
1 Chenopodium album 0.10 12.98 15.9 12.7 41.58 
2 Aerva javanica 0.20 25.97 20 21.50 67.47 
3 Eragrostis prolifera 0.05 6.49 7.9 5.45 19.84 
4 Cenchrus ciliaris 0.135 16.88 12 10.27 39.15 
5 Cyperus rotundus 0.10 12.98 12 11.43 35.25 
6 Amaranthus hybridus 0.08 10.38 7.9 9.09 27.37 
7 Dicentra roxburghiana 0.12 15.58 12 15.30 42.88 
8 Carthamus oxycantha 0.10 12.98 12 14.13 39.11 
         Mean 0.11±0.15 14.2±2 12.4±1.4 12.4±1.6 39.08±4.9 
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Table 3.7 Density, frequency, relative cover, relative frequency and IVI of tree species recorded at two selected sampling sites (Jand and 
 Hadowali) in district Attock of the Potohar plateau. 
 
 
Sampling site 
 
Sr. No. 
 
 Tree species 
 
Density/ha 
Relative 
Density 
Relative 
Cover 
Relative                                        
frequency IVI 
 1 Acacia modesta 2.44 45.6 53.5 35.3 134.4 
 
Jand 
 
 
 
 
 
Haddowali 
2 Ziziphus mauritiana 1.335 25 29.0 29.4 83.40 
3 Dalbergia sissoo 0.89 16.6 14.0 17.6 48.20 
4 Prosopis cineraria 0.445 8.3 2.9 11.75 22.95 
5 Capparis deciduas 0.22 4.1 0.8 5.86 10.76 
          Mean±SE 1.06±0.39 19.9±7.3 20.04±9.7 19.98±5.45 59.9±22.38 
1 Acacia modesta 1.46 24.8 22.14 23 69.94 
2 Acacia nilotica 1.22 20.7 23.46 19 63.16 
3 Dalbergia sissoo 0.97 16.53 22.41 19 57.94 
4 Ziziphus mauritiana 0.97 16.53 17.30 14.36 48.19 
5 Tamarix aphylla 0.73 12.43 10.98 14.36 37.80 
6 Euclyptus clamadulenesis 0.48 8.18 3.68 8.6 20.46 
       Mean±SE 0.97±0.14 16.5±2.3 16.6±3.2 16.3±2.05 49.5±7.4 
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Table 3.8 Density and frequency and relative cover of shrub species recorded at two selected sampling sites (Jand and Hadowali) in district 
 Attock of the Potohar Plateau. 
 
 
 
 
 
  
Sampling site Sr. No.   Shrubs  species Density/  4m² Relative 
Density 
Relative 
Frequency 
Relative                                                    
Cover 
IVI 
 
 
Jand 
 
 
 
 
Hadowali 
 
 
 
1 Zizyphus nummularia 0.06 20.6 33.3 20.60 74.50 
2 Dodonea viscose 0.05 17.24 22.2 26.00 65.44 
3 Prosopis juliflora 0.08 27.58 16.6 22.04 66.22 
4 Calotropis procera 0.05 34.48 27.8 31.40 93.68 
 Mean±SE 0.06±0.007 24.97±3.8 24.97±3.5 25.01±2.41 74.9±6.5 
1 Ziziphus nummularia 0.08 24.2 23.80 25.50 73.50 
2 Prosopis juliflora 0.06 18.18 14.28 14.08 46.54 
3 Calotropis procera 0.06 18.18 28.57 19.73 66.48 
4 Lantana camara 0.02 6.06 9.50 8.337 23.89 
5 Dodonaea viscose 0.03 10 9.50 12.50 32.00 
6 Carissa opaca 0.08 24.2 14.28 19.73 58.21 
 Mean±SE 0.05±0.01 16.8±3.02 16.65±3.1 16.64±2.5 50.1±7.9 
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Table 3.9 Density, frequency and Relative cover of herb species recorded at two selected sampling sites (Jand and Haddowali) in  
 district Attock of the Potohar Plateau. 
 
 
Study sites Sr. 
No. 
 Herb species Density/ 1m
2
 Relative 
Density 
Relative 
Frequency 
Relative                                        
Cover 
IVI 
 0.92±0.14 12.49±1.8 12.49±2.27 17.25±3.1 42.18±7.21 
 
1 Cenchrus ciliaris 0.125 13.63 15.38 14 43.01 
Jand 
 
 
 
 
 
 
 
 
 
Hadowali 
 
 
 
 
 
2 Sorghum helepanse 0.22 25 15.38 23.65 64.03 
3 Cynodon  dactylon 0.12 13.63 19.23 14.30 47.16 
4 Chenopodium album 0.104 11.36 15.38 12.01 38.75 
5 Alhagi marorum 0.12 13.63 11.54 13.76 38.93 
6 Cymbopogon spp. 0.09 10.22 11.54 11.55 33.31 
7 Sonchus asper 0.06 6.81 3.83 5.55 16.19 
8 Albutilon indicum 0.05 5.68 7.6 5.15 18.43 
  Mean±SE 0.11±0.18 12.49±2.09 12.48±1.74 122.49±2.04 37.47±5.45 
1 Cynodon  dactylon 0.15 20.54 23.08 31.03 74.65 
2 Saccharum bengalense 0.125 16.43 19.23 24.43 60.09 
3 Erogrestis prolifera 0.125 16.43 15.37 22.75 54.55 
4 Aerva javanica 0.10 13.69 11.54 18.96 44.19 
5 Amaranthus hybridus 0.08 10.95 11.54 15.22 37.71 
6 Cyperus rotundus 0.08 10.95 7.68 13.98 32.16 
7 Anagallis arvensis 0.04 5.48 7.68 4.06 17.22 
8 Abutilon indicum 0.04 5.48 3.84 7.6 16.92 
   Mean±SE ± ± ± ±  
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3.4.3.2 Shrub species 
 At the first site in district Attock (Jand), in the habitat of Indian pangolin, 
four shrubs species were recorded including Calotropis procera, Ziziphus 
nummularia, Dodonea viscosa and Prosopis juliflora. The Ziziphus nummularia 
had maximum IVI (74.5) while Dodonea viscosa (65.44) showed minimum IVI 
(Table 3.8; Fig. 3.2). 
At the second sampling site (Haddowali), six shrubs species including 
Zizyphus nummularia, Calotropis procera, Carissa opaca, Dodonea viscose, 
Prosopis juliflora and Lantana camarawere recorded. Zizyphus nummularia 
showed maximum IVI (73.5) while Lantana camara (23.897) showed minimum 
(Table 3.8; Fig. 3.2). 
3.4.3.3 Herb species 
 A total of eight herb species were recorded at first sampling site (Jand) 
including Sorghum helepanse (64.03), Cynodon dactylon (47.16), Cenchrus ciliaris 
(47.16) Chenopodium album (38.75), Alhagi maurorum (38.93), Cymbopogon spp. 
(33.31), Abutilon indicum (18.43) and Sonchus asper (16.19).  Whereas at the 
second sampling site (Hadowali), eight herb species were recorded as 
Cynodon dactylon (74.65), Saccharum bengalenss (60.05), Eragrostis prolifera 
(54.55), Aerva javanica (44.19), Amaranthus hybridus (37.71), Cyperus Rotundus 
(32.16), Anagallis arvensis (17.22) and Abutilon indicum (16.92) (Table 3.9; Fig. 
3.3). 
3.4.4 Vegetation Analysis of District Rawalpindi 
In district Rawalpindi, vegetation analysis in the habitat of Indian pangolin  
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was carried out at two representative sampling sites including Gakhar Sinal (Tehsil 
Kallar Syedan) and Sihal (Chakri). 
3.4.4.1 Tree species  
Habitat of the Gakhar Sinal was of mixed type, consisting of cultivated land 
and also wild or natural areas. A total of six tree species were recorded at this 
sampling site, Acacia nilotica, Acacia modesta, Zizyphus mauritiana, Dalbergia 
sissoo and Eucalyptus clamadulenesis. Maximum Importance Value Index (IVI) 
was recorded for Dalbergia sissoo (IVI=85.57) while minimum for Zizyphus 
mauritiana (IVI=34.22) (Table 3.10; Fig 3.1). 
At the second sampling site (Sihal), habitat consisted of large cultivated 
land and some natural area, while human habitation was also present in the 
surroundings. Dominant tree species was Zizyphus mauritiana, (IVI =128.60), 
followed by Acacia nilotica (IVI =104.8), Acacia modesta (IVI= 53.91) and least 
was Capparis decidua (IVI= 12.79) (Table 3.10; Fig 3.1). 
3.4.4.2 Shrub species 
The shrubs species recorded at Gakhar Sinal included Calotropis procera, 
Zizyphus nummularia, Lantana camara,Dodonea viscose, Grewia optiva and 
Carissa opaca, among these,Calotropis procera had highest IVI (70.08) while 
Dodonea viscosa showed minimum IVI (25.02) (Table 3.11; Fig. 3.2). 
At the second sampling site (Sihal), shrubs species including Zizyphus 
nummularia, Calotropis procera, Lantana camara and Justicia adhatoda were 
recorded. At this site, Ziziphus nummularia had maximum IVI (89.67) while 
Lantana camara had minimum (41.1) (Table 3.11; Fig 3.2). 
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Table 3.10 Density, frequency, relative cover and IVI of tree species recorded at two selected sampling sites (Gakhar Sinal and Sihal) in 
 district Rawalpindi of the Potohar Plateau. 
 
 
 
 
 
 
 
 
 
Study site  
Sr. No. 
 
 Tree species 
 
Density/ ha 
Relative 
Density 
Relative 
Cover 
Relative                                        
Frequency 
 
IVI 
 1 Acacia modesta 0.65 12.5 21.04 15 48.54 
Gakhar Sinal 
 
 
 
 
 
 
Sihal 
2 Acacia nilotica 1.52 29.23 15.41 25 69.64 
3 Euclyptus clamadulenesis 1.3 25 20 25 70.00 
4 Dilbergia sisso 1.083 20.77 44.8 20 85.57 
5 Ziziphus mauritiana 0.65 12.5 6.72 15 34.22 
    Mean ± SE 1.04±0.17 20±3.34 21.5±6.32 20±2.23 61.5 ±9.02 
1 Acacia modesta 2.08 25 18 23 66.00 
2 Acacia nilotica 0.69 8.3 14.3 10 32.60 
3 Dilbergia sisso 2.42 29.08 45.8 27.27 102.15 
4 Ziziphus mauritiana 1.04 12.5 7.4 13.6 33.50 
5 Euclyptus clamadulenesis 1.73 20.8 12 23 56.90 
6 Capparis deciduas 0.35 4.2 2.4 4.5 11.10 
   Mean ± SE 1.38±0.33 16.64±4.01 16.65±6.23 16.89±3.6 50.37±13.05 
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Table 3.11 Density and frequency and relative cover of shrub species recorded at two selected sampling sites (Gakhar Sinal and Sihal) in 
 district Rawalpindi of the Potohar Plateau. 
 
 
 
 
 
Sampling site 
 
Sr. No. 
 
Shrubs  species 
 
Density/  4m² 
Relative 
Density 
Relative 
Frequency 
Relative                                                    
Cover IVI 
 
 
Gakhar Sinal 
 
 
 
 
 
Sihal 
1 Zizyphus nummularia 0.06 14.63 21.43 14.93 50.99 
2 Lantana camara 0.04 9.75 14.28 10.30 34.33 
3 Calotropis procera 0.10 24.31 21.43 24.34 70.08 
4 Dodonea viscose 0.03 7.31 10.71 7 25.02 
5 Grewia optiva 0.10 24.39 17.86 23.81 66.06 
6 Carissa opaca 0.08 19.51 14.28 19.54 53.33 
 Mean±SE 0.68±0.12 16.65±2.9 16.66±1.76 16.65±2.9 49.96±7.17 
1 Ziziphus nummularia 0.08 28.57 31.58 29.52 89.67 
2 Calotropis procera 0.06 21.42 31.58 23.23 76.23 
3 Justicia adhatoda 0.04 14.28 10.51 16.57 41.36 
4 Lantana camara 0.03 10.71 15.79 14.6 41.10 
5 Grewia optiva 0.07 25 10.51 16 51.51 
 Mean±SE 0.56±0.09 19.99±3.1 19.99±4.8 19.98±2.81 59.97±9.7 
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Table 3.12 Density, frequency and cover of herb species recorded at two selected sampling sites (Gakhar Sinal and Sihal) in district  
 Rawalpindi of the Potohar Plateau. 
 
 
 
 
 
Sampling site Sr. 
No. 
 Herb species Density/ 1m
2
 Relative 
Density 
Relative 
Frequency 
Relative                                        
Cover 
IVI
 
Gakhar Sinal 
 
1 Cynodon  dactylon 0.20 29.41 27.27 34.74 91.42 
2 Saccharumbengalense 0.17 25 27.27 28.68 80.95 
3 Carthamus oxyacantha 0.10 14.7 13.63 17.9 46.23 
4 Achyranthus aspera 0.06 8.82 9.08 9.5 27.40 
5 Cannabis sativa 0.05 7.35 9.08 7.47 23.90 
6 Cenchrus ciliaris 0.10 14.7 13.63 14.77 43.10 
    Mean ± SE 0.11±0.24 16.6±3.5 16.6±3.4 18.84±4.41 52.16±11.4 
1 Aerva  javanica 0.12 16 21.7 17.67 55.37 
Sihal 2 Cynodon  dactylon 0.29 29.3 26.14 31.44 86.88 
3 Cyperus rotundus 0.10 13.3 13.07 11.79 38.16 
4 Cenchrus ciliaris 0.15 20 13.07 16.92 49.99 
5 Saccharumbengalense 0.10 13.3 17.41 14.9 45.61 
6 Carathamus oxyacantha 0.02 2.6 4.33 22.08 29.01 
7 Dicenta roxburghiana 0.04 5.3 4.33 5.12 14.75 
   Mean ± SE 0.11±0.33 14.25±3.38 14.29±3.11 17.13±3.11 45.68±8.59 
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Figure 3.1 The tree species recorded at eight selected sampling sites in the habitat of Indian pangolin (Manis crassicaudata) from four 
districts of the Potohar during current study period and their importance value indices (IVI). 
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Figure 3.2 The shrub species occurring at eight selected sampling sites in the habitat of Indian pangolin (Manis crassicaudata) from four 
districts of the Potohar Plateau during current study period along with their IVI. 
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Figure 3.3 The herb species occurring at eight selected sampling sites of the Potohar Plateau in the habitat of Indian pangolin (Manis 
crassicaudata) during current study period and their IVI. 
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Figure 3.4 The most common trees, shrubs and herbs species occurring at eight selected sampling sites of the four districts of the Potohar 
Plateau.  
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Table 3.13 Statistical analysis for association between the numbers of active living 
burrows of Indian pangolin (Manis crassicaudata) with different vegetation species 
in the study area by using One-way Analysis of Variance (ANOVA). Mean ± SE of 
the parameters are shown along with the significance level calculated by Ducan 
Post-Hoc test. The greater mean values show more number of burrows with that 
vegetation species as compared to others having less mean values. Please also see 
Appendix-VI for more details about this Table). 
 
Tree/shrubs species Mean number of 
burrows 
SE P value 
*Lantana camara 
 
55.91 31.29 <0.05 
*Zizyphus nummularia 
 
44.11 9.7 <0.05 
*Prosopis juliflora 
 
24.33 24.3 <0.05 
Capparis deciduas 
 
16.86 8.9 >0.05 
Tamarix aphylla 
 
13.45 13.45 >0.05 
Justicia adhatodas 
 
6.98 0 >0.05 
Salvadora oleoides 
 
6.75 0 >0.05 
Calotropis procera 
 
5.62 11.42 >0.05 
Euclyptus clamadulenesis 
 
5.10 3.52 >0.05 
Acasia modesta 
 
4.14 5.41 >0.05 
Ficus benjamina 
 
3.35 0 >0.05 
Dalbergia sissoo 
 
2.57 1.49 >0.05 
Dodonea viscosa 
 
2.54 2.54 >0.05 
Acasia nilotica 
 
2.26 0.7 >0.05 
Ziziphus mauritiana 
 
1.31 0.59 >0.05 
* significant difference 
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3.4.4.3 Herb Species 
 At Gakhar Sinal, seven herb species were recorded; 
Cynodon dactylon (91.42), Saccharum bengalense (80.95), Carthamus oxyacantha 
(46.23), Cenchrus ciliaris (43.1), Achyranthus aspera (7.4) and Cannabis sativa 
(23.9). 
 At the second site, Sihal, herb species recorded included Cynodon dactylon 
(IVI = 86.88), Aerva javanica (IVI = 55.37), Cenchrus ciliaris (IVI = 49.99), 
Saccharum bengalense (IVI = 45.61), Cyperus rotundus (IVI = 38.16), Carthamus 
oxyacantha (IVI = 29.01) and Dicenta roxburghiana (IVI = 14.75) (Table 3.12; Fig 
3.3). 
 The common vegetation species that were observed to be present in most of 
the study sites were given (Table 3.4; Appendix-XI). 
3.4.5 Statistical Analysis 
The numbers of active living burrows of Indian pangolin were found to be 
significantly different in association with different trees/shrubs species (p=0.03) 
(Appendix- VII). Among shrubs, burrows numbers were significantly higher with 
or around Lantana camara, followed by those found around Zizyphus nummularia 
and Prosopis juliflora (Table 3.13). 
3.5 DISCUSSION 
Vegetation features in the habitat of an animal species are very important 
since they can provide any type of cover to the species enhancing its survival. 
Vegetation in the form of trees, shrubs and herbs may provide food, and shelter to 
an animal species. The habitat of Indian pangolin analyzed during current study 
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period showed some particular ecological features which were noticeable; firstly, 
the soil of the area was soft and semi-sandy helpful to the animal species for 
excavating its burrows. Secondly, ants and termites colonies were found 
abundantly in the habitat which forms the main prey items of Indian pangolin. 
Thirdly, water source was definitely present in the near surrounding area in the 
form of freshwater streams and ponds. 
 During the current study period, vegetation analysis in the habitat of Indian 
pangolin was carried out at two representative sampling sites, in each district by 
collecting data about plants species including trees, shrubs and herbs. The results 
showed almost similar kind of vegetation features in the habitat of all four districts 
of the Plateau. Although Indian pangolin is not a tree dweller unlike those of 
African species, even then trees, herbs and shrubs are important constituents of its 
habitat. 
At most of the sampling sites in the habitat of Indian pangolin, the 
prevailing species recorded included Acacia nilotica, Zizyphus mauritiana, Acacia 
modesta, Zizyphus nummularia, Calotropis procera, Prosopis cineraria, 
Cynodon dactylon and Cenchrus ciliaris. Earlier on, Haq et al. (2011) had reported 
major species of district Chakwal; Acacia modesta, Olea ferrugine, Cenchrus 
ciliaris and Cynodon dactylon. Similarly, Nawaz et al. (2012) explored vegetation 
of selected sites of Chakwal and Jhelum districts and reported Acacia modesta, 
Justicia adhatoda, Chrysopogon serrulatus, Cynodon dactylon and Dichanthium 
foveolatum as dominant species. 
The statistical analysis showed a close phyto-association of Indian pangolin 
with three different shrub species Lantana camara, Zizyphus nummularia and 
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Prosopis juliflora. Infact, the animal species used to excavate its burrows at the 
base of these shrubs in order to hide it. There was no significant difference between 
any of the tree species regarding numbers of active living burrows. However, it was 
observed in the field that burrows of the species were mostly present with and 
around the tree species Capparis deciduas at sampling sites namely “Murred” in 
district Chakwal, at site “Moza Frash Pamal” in district Jhelum and at site “Jand”in 
Attock district.  
During the current study period, Indian pangolin was found to live mostly 
near villages around the human dwellings, although, its burrows were also recorded 
in natural areas, and in the crop fields. However, we, as such, did not compare the 
impact of human dwellings on percentage of burrows of the species. We did not 
aim to calculate the individual percentage of burrows of Indian pangolin or their 
average distance from the crop fields. The reason for this may be the availability of 
water source and availability of food. Earlier published literature shows that  the 
feeding sites of Indian pangolin may include grasses, bare grounds, and bases of 
trees, shrubs, roots, leaf litter and fallen logs (Richer et al., 1997). It mostly feeds 
upon profound ant species. It may consume more ground prey species in summer 
as compared to those consumed in winter (Swart et al., 1999) because of the facile 
availability of ants in hot weather. The Indian pangolin excavates its burrows in the 
soil for its living, similar to soil animals. The burrows of the species were recorded 
in natural areas, in crop fields and also in human dwellings. It uses to hide its 
burrow opening with vegetation (wood and dirt) so that one cannot locate and 
identify its burrow the same characteristic of Indian pangolin earlier on reported by 
Roberts (1997). 
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3.5 CHAPTER SUMMARY 
Vegetation analysis in the habitat of Indian pangolin was carried out at 
selected representative sampling sites (two in each district) of the Potohar Plateau. 
The trees, shrubs and herbs species were recorded by using “Point Centered 
Quarter” method (for trees) and “Quadrat” method (for shrubs and herb species). 
The data were analysed in terms of density, relative density, relative frequency, 
relative cover and importance value index.   
A total of six trees, seven shrubs and twenty four herb/grass species were 
recorded at all eight sampling sites of the study area.  Among trees, maximum IVI 
was recorded for Acacia nilotica (IVI=74.9) followed by Zizyphus mauritiana 
(IVI=61.75), Acacia modesta (IVI=58.6), Dalbergia sissoo (IVI=48.76), 
Eucalyptus clamadulensis (IVI=24.9) and Tamarix aphylla (IVI=8.2). Among 
shrubs, Zizyphus nummularia showed highest IVI (199.16), followed by Calotropis 
procera (65.08), Prosopis juliflora (35.40), Lantana camara (30.13) Dodonaea 
viscosa (27.46) Grewia optiva (26.06) and least for Carissa opaca (13.94). The 
herb species showed more variety in the study area, the species with high IVI 
included; Cynodon dactylon (40), Cenchrus ciliaris (37.56), Cyperus rotundus 
(31.06), Saccharum bengalense (21), Aerva javanica (24.26), Amaranthus hybridus 
(21.76), Alhagi marorum (21.20), Chenopodium album (18.92), Carthamus 
oxycantha (17.8) and Dicentra roxburghina (15.38). Whereas other species with 
lower IVI values were; Erogrestis prolifera (9.29), Cymbopogon spp. (9.0), 
Sorghum helepanse (8.0), Cynoglosum lancealatum(7.6), Oenothera rosea (6.06), 
Trianthema portulcaras (5.3),  Abutilon indicum (4.41),  Anagallis arvensis 
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(4.305), Helitropuim eurapallum (3.6), Achyranthus aspera (3.4) and Cannabis 
sativa (2.9). 
A close phyto-association of Indian pangolin was found with Capparis 
decidua, since most of the burrows of the species were found around this tree 
species. It indicates that this particular tree species is more important in the habitat 
of Indian pangolin, and it may provide food to the animal species. 
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 Chapter 4 
POPULATION ESTIMATION OF INDIAN PANGOLIN IN 
POTOHAR PLATEAUE 
4.1 INTRODUCTION 
All eight extant species of pangolins are grouped in a single order 
Pholidota, single family Manidae and the only genus Manis.Very little is known 
about the population status of pangolins (both Asian and African ones), the most 
probable reason being their nocturnal lifestyle and low population density. Indian 
pangolin (Manis crassicaudata) that occurs in Pakistan is among the most 
commonly apprehended wildlife throughout Southeast Asia (Shepherd et al., 2007; 
Nooren and Claridge, 2001). It is an unsociable creature and tends to be solitary 
(W.C.M.C., 1999; CITES 2000). Like other pangolin species, the Indian pangolin 
is also very conscious, and either quickly escapes or resides in its tracks whenever 
become aware of human presence in the surrounding (Durojaye et al., 2009). 
The Indian pangolin is exceptionally vulnerable to over-exploitation 
because itcan be easily hunted and have a very slow rate of reproduction (Lim and 
Ng, 2007). Its population is expectedly declining and so is grouped in Appendix-II 
of the Convention of International Trade of Endangered Species of Wild Fauna and 
Flora (CITES) (Inskipp and Gillett, 2005, W.C.M.C., 1999; CITES, 2000).  There 
are few reports of a low population density of Indian pangolin from Pakistan 
(Roberts, 1977), India (Tikader, 1983), Bangladash (Khan, 1985) and Sri Lanka 
(Phillips, 1981). 
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4.2 REVIEW OF LITERATURE 
 Very little information exists about the population estimates of Asian  
pangolins (Wu et al., 2003; Lim and Ng, 2007), the main difficulty being nocturnal 
and mysterious behavior. In East Asia, according to an estimate Indian pangolin 
will decline in density by almost 50% after two decades (Baillie et al., 2014). A 
low population density at selected sites of district Chakwal (Punjab province, 
Potohar Plateaue) from 2010-2011, was reported as 0.0001/ km
2
 (Mahmood et al., 
2014). Mahmood et al., (2012) also had drawn attention towards the major threat to 
this species in the area that is poaching for its scales. The scales are globally traded 
commodity (Challender, 2011). 
 Some previously published literature is available about other pangolin 
species like Newton et al., (2008) studied the distribution of two pangolin species; 
Manis pentadactyla and M. javanica in Vietnam and constructed distribution map 
of species on the basis of data collected from museums and local hunter’s 
knowledge. He also investigated the the success rate of various biodiversity 
methods and hunting practices they used to trace out pangolin species. The highest 
percentage was recorded for local people knowledge, followed by traces/signs of 
the species and least for camera trapping. Moreover, it is worth mentioning that 
natives believed that dogs are most useful for capturing pangolin. 
Thapa et al. (2014) studied distribution and conservation of pangolin in 
Nepal by questionnaire survey; 86% of the interviwees reported a decline in 
population of the species. They also accounted main threats as habitat degradation 
(86.6%) followed by hunting (11.80%) and feed by predators (1.90%). Wu et al. 
(2004) carried out a population census of Chinese pangolin in 1960′s and reported a 
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dramatic decline from 89% to 94 %. The population density was reduced from 
0.001 to 0.056 individual per square kilometer. Among African species of 
pangolins, a  low population density of Tricuspid pangolin in Benin was reported 
by Akpona (2008) which was 0.8/km
2
. 
The first detailed field study on the ecology of Sunda pangolin in Singapore 
was conducted by Lim et al. (2008).  The daily activity cycle, den usage and home 
range of a single female during its reproductive stages were investigated with the 
help of radio-telemetryand non-intrusive infrared-triggered camera traps. Only one 
offspring was recorded from the birth event and the period of maternal care was 
approximately 3 to 4 months. A total of 3 natal dens were used throughout the 
monitoring period, and hollows of large trees were associated with all dens. The 
home range was estimated to be 6.97 ha. The daily active period of the pangolin 
was 1.89 to 2.33 hours and peak activity levels were between 03:00 to 06:00 am.  
The activity budget of both nocturnal and diurnal pangolin was observed by 
Richer et al. (1997). Animals were captured and fitted with radio-transmitters. The 
nocturnal animal spent most of the time (42%) in walking, searching (14%), 
walk/search (10%), feeding (12%), digging (5%) and in rest (10%). The rest of the 
time (7%) of the foraging budget was spent on the activities which could not be 
observed. The behavior of diurnal forager was found the same as that of the 
nocturnal animal except for the percentage of the time spent on different activities. 
Animal spent 9% of the time on walking, 15% on searching, and 22% on 
walk/searching, 34% feeding, 18% digging and 0% in rest. 2% of the foraging 
budget constitute the unnoticeable activates (Richer et al., 1997). 
4.3 MATERIALS AND METHODS 
4.3.1 Estimation of Population Density of Indian Pangolin  
For estimating population density of the species, N = 30 sampling sites  
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were selected (Chakwal=12, Jhelum =8, Attock =5 and Rawalpindi =5). These sites 
were selected on the basis of evidences of direct and indirect signs of Indian 
pangolin presence, that is, burrows, faecal droppings, direct sightings and reports 
from local residents. Ttransects of variable length and widths (2 km
2
 to 4 km
2
) 
were established at sampling sites and data regarding the type (active/inactive) and 
measurements of the burrow (depth/diameter) were recorded.  
The density of the species was estimated in the established transects by 
applying indirect method of its active living burrow counts per square kilometer 
area in the established transects. It was considered that one active permanent living 
burrow was occupied and being utilized by only one individual of Indian pangolin 
as has been previously reported by Roberts (1997). The same approach was used 
earlier on by Newton et al., (2008), Zhang et al., (2008) and Mahmood et al., 
(2014). Therefore, it was strongly established that numbers of active living burrows 
of the species were equal to numbers of pangolins. Similarly, previously reported 
literature also show that the population density of Chinese Pangolins was also 
estimated by the number of new burrows (one new burrow represented an 
individual) divided by the area of investigation. The following formula used to 
calculate the density of Indian pangolin: 
                  D= n/A  
Where D=density/km², n= No. of active living burrows, and A= area surveyed. 
4.3.2 Statistical Analysis 
The population density of Indian pangolin in Potohar region was compared 
by ANOVA “SPSS, version 19”. The results of burrow characteristics viz. total 
numbers of  feeding and living burrows and  their average depths and diameters, 
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recorded at all selected sites of district Chakwal, Jhelum, Attock and Rawalpindi 
were analyzed statistically through student’s paired t-test using the software “SPSS, 
version 19”. By using “R software program linear model was fitted to analyze the 
effect of district, site and years on the population density of pangolin in the study 
area, putting population as response variable, while district, site and year as 
explanatory variables.   
4.4 RESULTS 
Two types of burrows of Indian pangolin were found at selected sampling 
sites; feeding burrows and living/permanent burrows (Fig.4.1; Fig.4.1B). Living or 
permanent burrows were much deeper but less in numbers than those of feeding 
ones. Living burrows were further confirmed for their use by the animal species by 
being categorized either as inactive or active. A living burrow was established as 
active if any of the indirect signs of Indian pangolin were found around that burrow 
such as foot prints on the soil around, scale prints or presence of faecal matter 
around the burrow. Similarly, feeding burrows were confirmed by the presence of 
remnants of dead body parts of ants (Fig 4.1 B) and presence of termite colonies 
inside the burrows. However, we did not further investigate for any particular 
association between burrows presence and ants/termites colonies. 
4.4.1 District Chakwal  
4.4.1.1 Burrow characteristics 
Data about the size, depth and activity of burrows is presented in Tables 4.1 
and 4.2. The number of burrows at selected sites (n =12) ranged from 11 (Kallar 
Kahar) to 33 (Talagang). Much more numbers of feeding burrows were found in 
the field as compared to those of living or permanent burrows; a total of  n= 45 
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burrows (17.37% ) out of 259 were found living (permanent) and others were the 
feeding ones n=214 (82.6%). Average depth of living burrows at all sites was 
70.65±4.5 cm (n = 45) and the absolute depth varied from 50.8 cm to 88.9cm. 
Whereas average depth of feeding burrows was 28.5 ± 4.1 cm (n =214) and it 
ranged from 15.4cm to 38.1 cm.The diameters of both feeding and living burrows, 
on average, were 21.54 ± 1.30 cm and 21.29 ± 0.64 cm, respectively. The diameter 
of feeding and living burrow ranges from 13.7cm to 30.48 cm and 17.78cm to 
25.4cm respectively. Both types of burrows of Indian pangolin had characteristic 
circular shape.  
4.4.1.2 Population density 
 In district Chakwal, twelve selected sites including Chakwal, Chumbi Surla, 
Jubair pur, Murreed, Chokora, Bauhn, Khokar zair, Talagang, Danda Shah Bilawal, 
Choa Sadian Shah Bhaun and Kallar Kahar, were sampled for population 
estimation of Indian pangolin from 2010 to 2012. Highest density estimates were 
recorded at Murreed site (2.5/km²) while minimum (0/km²) at Kallar Kahar site. 
Average population densities in 2010, 2011 and 2012 were 1.15 km², 0.46 /km² and 
0.37/km², respectively (Table 4.3). 
4.4.2 District Jhelum 
4.4.2.1 Burrow characteristics 
 In district Jhelum the numbers of burrows at selected sites (N=8) ranged 
from 12 (Haran Pur graveyard) to 40 (Moza Frash Pamal). Out of the total of 
burrows (n=166), 78.9 % feeding (n=131) and 21.08 % living (n=35) were counted  
 (Table 4.4). Average depth of living burrows at all sampling sites was 82.55 ± 10.9 
cm (n = 35) and the absolute depth varied from 50.8 cm to 111.6 cm. Whereas, the 
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Figure 4.1 Field photographs of two types of burrows of Indian pangolin (Manis 
crassicaudata) (A) Living burrow (B) Feeding burrow showing presence of body 
parts of black  ants. 
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Table 4.1 Quantification of thetwo types of burrows of Indian pangolin recorded 
 at different sampling sites of the district Chakwal of Potohar Plateau during
 the study period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sampling  
Sites 
Area of 
sampling site 
(Km
2
) 
Total No. of 
Burrows 
No. of Feeding 
Burrows 
No. of Living 
Burrows 
 Active Inactive 
Chakwal 2 24 21 2 I 
Chumbi Surla 2 
 
26 23 2 1 
Jubair Pur 2 19 16 2 1 
Murreed 2 20 17 3 0 
Chokora 2 22 19 2 1 
Bauhn 4 23 18 5 0 
Khokar Zair 3 25 20 2 3 
Talagang 2 33 29 4 0 
Danda Shah 
Bilawal 
2 17 11 3 3 
Lawa 2 22 17 2 3 
Choa Sadian 
Shah 
2 17 13 3 1 
Kallar Kahar 2 11 10 0 1 
Total 27 259 214 30 15 
Mean±SE  21.5±1.5 17.8±1.5 2.5±0.3 1.16±0.34 
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Table 4.2 Characteristics of feeding and living burrows of Indian pangolin (Manis
 crassicaudata) recorded indistrict Chakwal of the Potohar Plateau. 
 
 
Sampling sites 
Feeding Burrows ( cm) Living (Burrows (cm) 
Diameter Depth Diameter Depth 
Chakwal (N=24) 25.61 36.57 20.32 50.8 
Chumbi Surla(N=26) 21.59 30.48 21.59 60.96 
Jubair Pur(N=19) 21.59 20.32 20.32 88.90 
Murreed(N=20) 17.2 30.48 25.4 81.28 
Chokora(N=22) 20.3 20.32 22.35 70.18 
Bauhn(N=23) 25.4 31.75 20.32 55.88 
Khokar Zair(N=25) 26.65 36.83 17.78 71.12 
Talagang(N=33) 20.32 15.24 21.59 83.82 
Danda Shah Bilawal(N=l7) 20.32 30.48 20.32 55.88 
Lawa(N=22) 22.86 22.86 19.81 45.72 
Choa SadanShah(N=17) 17.78 35.56 20.32 88.90 
Kallar Kahar(N=11) 30.48 38.1 25.4 86.36 
Total (N=259) 270 348 255 839 
Mean±SE 22.50±1.1 29.08±2.1 21.29±0.64 69.98±4.5 
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Table 4.3 Estimates of Population density (per km
2
) of Indian pangolin (Manis crassicaudata) in district Chakwal of the Potohar Plateau 
 from 2010-2012. 
Year of study 2010 2011 2012 
 
Study site 
No of 
active 
living 
burrows 
Area  of 
study site 
(km²) 
 
Density/km² 
No of 
active 
living 
burrows 
Area  of 
study site 
(km²) 
 
Density/km² 
No of 
active 
living 
burrows 
Area  of 
study site 
(km²) 
 
Density 
/km² 
Chakwal 
railway tunnel area 
2 2 1 0 2 0 1 2 0.5 
Chumbi Surla 2 2 1 1 2 0.5 1 2 0.5 
Jubair Pur 2 2 1 2 2 1 0 2 0 
Murreed 5 2 2.5 0 2 0 0 2 0 
Chokora 2 2 1 0 2 0 0 2 0 
Bauhn 3 4 0.75 1 4 0.25 0 4 0 
Khokar Zair 2 3 0.6 1 3 0.33 0 3 0 
Talagang 2 2 1 0 2 0 2 2 1 
Danda Shah Bilawal 3 2 1.5 1 2 0.5 2 2 1 
Lawa 4 2 2 2 2 1 1 2 0.5 
Choa Sadian Shah 3 2 1.5 3 2 1.5 1 2 1 
Kallar Kahar 0 2 0 1 2 0.5 0 2 0 
Total/Mean(95% 
Confidence  
 interval) 
30 27 1.15 (0.737-1.403) 12 27 0.46 (0.186-0.734) 8 27 0 (0.127-0.613) 
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average depth of feeding burrows was 36.02 ± 3.01cm (n = 131) and it ranged from 
25.4 cm to 45.7 cm. The diameters of both feeding and living burrows, on average, 
were 21.54 ± 1.30 cm and 21.29 ± 0.64 cm, respectively, and ranged from 12.7cm 
to 26.67 cm and 20.32cm to 25.4 cm respectively (Table 4.5). 
4.4.2.2 Population density 
Average population density of Indian pangolin at eight different sampling 
sites of the district (Mohal, Rohtas, Dongi, Moza Frash Pamal, Padial, Pind Dadan 
Khan, Haran Pur and Lilla) during the years 2010, 2011 and 2012 was recorded to 
be 1.18 km², 0.31km² and 0.12 km², respectively (Table 4.6). 
4.4.3 District Attock 
4.4.3.1 Burrow characteristics 
In district Attock the numbers of burrows at six selected sites (N=6) ranged from 
16 (Pindi Ghaib) to 33 (Hadowali). Out of the total numbers of burrows (n=134), 
84.32 % feeding (n=113) and 15.67 % living (n=21) were counted (Table 4.7). 
Average depth of living burrows at all sampling sites was 78.31± 9.4 cm (n = 21) 
and the absolute depth varied from 55.8 cm to 116.85cm. Whereas the average 
depth of feeding burrows was 40.28 ± 4.9 cm (n = 113) and it ranged from 25.4cm 
to 55.8cm. The diameters of both feeding and living burrows, on average, 
were19.47±1.2 cm and 21.88±1.0 cm, respectively, and ranged from 15.24 cm to 
22.86 cm and 20.32cm-26.7cm, respectively (Table 4.8). 
4.4.3.2 Population density 
Average population density of Indian pangolin at five selected sampling 
sites of district Attock (Pindi Gheb, Pind Sultani, Haddowali,Thatti Syedo Shah, 
Fateh Jang and Jaba Jungle) was recorded to be 1.11/ km² during year 2010. 
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Table 4.4 Quantification of two types of burrows of Indian pangolin (Manis
 crassicaudata) recorded at different sampling sites of district Jhelum of 
 Potohar Plateau during the study period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sampling Sites 
Area of 
sampling 
site(km
2
) 
Total No. of 
Burrows 
No. of 
Feeding 
Burrows 
No. of Living Burrows 
Active Inactive 
Mohal 2 12 10 1 1 
Rohtas 2 17 12 3 2 
Dongi 2 21 18 2 1 
MozaFrashPamal 2 40 31 4 5 
Padial(Dil Jaba) 2 21 17 3 1 
Pind Dadan Khan 2 28 25 2 1 
Haran PurGraveyard 2 12 7 3 2 
Lila 2 15 11 1 3 
Total 16 166 131 19 16 
Mean±SE  20.75±3.3 16.37±2.8 2.37±0.37 2.0±0.05 
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Table 4.5 Characteristics of feeding and living burrows of Indian pangolin (Manis
 crassicaudata) recorded at different sampling sites in district Jhelum of the 
 Potohar Plateau. 
 
 
 
 
Sampling sites 
Feeding Burrows (cm) Living (Burrows (cm) 
Diameter Depth Diameter Depth 
Mohal (N=12) 17.78 30.48 20.32 50.8 
Rohtas (N=17) 26.65 25.4 21.59 132.08 
 
Dongi (N=21) 
 
21.59 45.72 20.32 106.68 
 
MozaFrashPamal (N=40) 
 
12.7 31.75 25.4 81.28 
 
Padial (Dil Jaba)(N=21) 
 
20.32 50.8 22.35 71.12 
 
Pind Dadan Khan (N=28) 13.97 35.56 20.32 55.88 
Haran Pur GraveyardN=12) 15.24 30.4 22.86 50.8 
Lila (N=15) 20.32 38.1 20.32 111.76 
Total (N=166) 148.57 288.21 173.48 660.40 
Mean ± SE 18.57±1.62 36.02±3.01 21.68±0.64 82.55±10.9 
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Table 4.6 Estimates of Population density (per km
2
) of Indian pangolin (Manis crassicaudata) at different sampling sites in District Jhelum 
of the Potohar Plateau. 
 
Year of study 2010 2011 2012 
 
Sampling  site 
No of active 
living 
burrows 
Area  of 
study site 
(km²) 
Density 
/km² 
No of 
active 
living 
burrows 
Area  of 
study site 
(km²) 
Density 
/km² 
No of active 
living burrows 
Area  of 
study site 
(km²) 
Density 
/km² 
Mohal 1 2 0.5 1 2 0.5 0 2 0 
Rohtas 3 2 1.5 0 2 0 1 2 0.5 
Dongi 2 2 1 2 2 1 0 2 0 
MozaFrashPamal 4 2 2 1 2 0.5 0 2 0 
Padial(Dil Jaba) 3 2 1.5 0 2 0 0 2 0 
Pind Dadan Khan 2 2 1 0 2 0 0 2 0 
Haran PurGraveyard 3 2 1.5 1 2 0.5 0 2 0 
Lila 1 2 0.5 0 2 0 1 2 0.5 
Total/ Mean  
(95% Confidemce Interval) 
19 16 1.18 (0.814-1.546) 5 16 0.31 (0.054-0.566) 2 16 0.12 (0.55-0.305) 
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Here the highest density estimates were recorded at Fateh Jang (2/ km²) while 
minimum (0.5/km²) at Thatti Syedo Shah. Thereafter, the density of the species 
declined to 0.38/km² (2011) and 0.33/ km² (2012) (Table 4.9).  
4.4.4 District Rawalpindi 
4.4.4.1 Burrow characteristics 
In district Rawalpindi, the numbers of burrows of Indian pangolin at five 
selected sampling sites (N=5) ranged from 17 (Kanyat Ladho) to 36 (Gakhar 
Sinal). Out of the total numbers of burrows (n=116), 86.20 % feeding (n=100) and 
13.79% living (n=16) were recorded (Table 4.10). Average depth of living burrows 
at all sites was111.2 ± 14 cm (n = 16) and the absolute depth varied from 76.2 cm 
to 152.4cm. Whereas, average depth of feeding burrows was 33.78 ± 1.7 5.5 cm (n 
= 100) and it ranged from 20.32 cm to 50.8cm. The diameters of both feeding and 
living burrows, on average, were 20.82 ± 0.64 cm and 23.01±1.3 cm, respectively, 
and ranged from 19.5cm to 22.86 cm and 20.32cm to26.7cm, respectively (Table 
4.11). 
4.4.4.2 Population density 
At five sampling sites of district Rawalpindi (Gakhar Sanal, Kanyat Ladho, 
Sihal, Malpur and Kanaisar), average population density of Indian pangolin was 
0.90/km² during the year 2010. Highest density estimates were recorded at Gakhar 
Sanal (1.5/km²) while minimum (0/km²) at Sihal, Malpur, Gakhar, and and Kanisar 
during the year 2010. Average density of the species was found to be declining in  
the following two years and the estimates were 0.30/km² and 0.10 / km², 
respectively, during 2011 and 2012 (Table 4.12). 
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Table 4.7 Quantification of two types of burrows of Indian pangolin (Manis
 crassicaudata) recorded at different sampling sites of the district Attock of 
 Potohar Plateau during the study period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sampling Sites Area of  
sampling site 
(km
2
) 
Total No. of 
Burrows 
No. of Feeding 
Burrows 
No. of Living Burrows 
Active Inactive 
Pindi Gheb 2 16 13 2 1 
Pind Sultani 2 22 17 3 2 
Hadowali 2 33 28 2 3 
Thatti Syedo 
Shah 
2 17 15 1 1 
Fateh Jang 1 25 22 2 1 
Jaba Jungle 
(Dakhni gas   
processing plant) 
3 21 18 2 1 
Total 12 134 113 12 9 
Mean±SE  22.3±2.5 18.8±2.21 2.0±0.25 1.5±0.34 
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Table 4.8 Characteristics of feeding and living burrows of Indian pangolin (Manis
 crassicaudata) recorded at different sampling sites in district Attock of the 
 Potohar Plateau. 
 
 
 
 
 
 
 
 
Sampling site 
Feeding Burrows ( cm) Living (Burrows (cm) 
Diameter Depth Diameter Depth 
Pindi Gheb (N=16) 16.51 25.90 20.32 71.12 
Pind Sultani (N=22) 21.59 25.4 20.32 55.88 
Hadowali (N=33) 20.32 45.72 20.32 116.84 
Thatti Syedo Shah 
(N=17) 
20.32 55.8 26.67 88.9 
Fateh Jang (N=25) 15.24 45.72 20.8 55.88 
Jaba Jungle 
(Dakhni gas   
processing plant) 
   (N=21) 
 
22.86 
 
 
43.18 22.86 
 
81.28 
Total (N=134) 116.84 241.72 131.29 469.90 
Mean ± SE 19.47±1.21 40.28±4.9 21.88±1.03 78.31±9.4 
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Table 4.9 Estimates of Population density (per km
2
) of Indian pangolin (Manis crassicaudata) at different sampling sites in District Attock
 of the Potohar Plateau. 
Year of study 2010 2011 2012 
Sampling site No of 
active 
living 
burrows 
Area  of 
study site 
(km²) 
Density 
/km² 
No of active 
living 
burrows 
Area  of 
study 
site 
(km²) 
Density 
/km² 
No of 
active 
living 
burrows 
Area  of 
study 
site 
(km²) 
Density 
/km² 
Pindi Gheb 2 2 1 1 2 0.5 0 2 0 
Pind Sultani 3 2 1.5 2 2 1 3 2 1.5 
Hadowali 2 2 1 1 2 0.5 0 2 0 
Thatti Syedo Shah 1 2 0.5 0 2 0 1 2 0.5 
Fateh Jang 2 1 2 0 1 0 0 1 0 
Jaba Jungle 
(Dakhni gas   processing 
plant) 
2 3 0.66 1 3 0.33 0 3 0 
Total / Mean  
(95% Confidence Interval) 
12 12 1.11(0.671-1.549) 5 12 0.38(0.085- 0.675) 4 12 0.33 (0.03-0.63) 
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Table 4.10 Quantification of two types of burrows of Indian pangolin (Manis 
 crassicaudata) recorded at different sampling sites of the district 
 Rawalpindi of Potohar Plateau during the study period. 
 
 
 
 
 
 
 
 
 
 
Study Sites Area of  
sampling site 
(km
2
) 
Total No. of 
Burrows 
No. of Feeding 
Burrows 
Living Burrows 
Active Inactive 
Gakhar Sanal 
(Kallar Saydian) 
2 36 32 3 1 
Kanyat Ladho 
(Gujar Khan) 
2 17 14 1 2 
Sihal(Chakri) 2 22 20 2 0 
Malpur(Islamabad) 2 24 21 2 1 
Kanaisar(Kahuta) 2 17 13 1 3 
Total 10 116 100 9 7 
Mean±SE  23±3.42 20±3.39 1.8±0.37 1.4±0.50 
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Table 4.11 Characteristics of feeding and living burrows of Indian pangolin (Manis
 crassicaudata) recorded at different sampling sites indistrict Rawalpindi of 
 the Potohar Plateau. 
 
 
 
 
 
 
 
 
 
 
Sampling sites 
Feeding Burrows ( cm) Living (Burrows (cm) 
Diameter Depth Diameter Depth 
Gakhar Sanal(N= 36) 
(Kallar Saydian) 
22.86  41.91  20.32  152.4  
Kanyat Ladho(N=17) 
(Gujar Khan)  
 
20.32  50.8  26.67  132.08  
Sihal(N=22) 
(Chakri) 
 
21.59  25.4  20.32  76.2  
Malpur(N=24) 
(Islamabad) 
 
19.05  30.48  25.4  81.28  
Kanaisar(N=17) 
(Kahuta) 
 
20.32  20.32  22.35  114.3  
Total N=116 104.14 168.91 115.06 556.26 
Mean ± SE 20.82±0.64 33.78±5.5 23.01±1.30 111.2±14 
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Table 4.12 Estimates of Population density (per km
2
) of Indian pangolin (Manis crassicaudata) from different sampling sites of District 
  Rawalpindiof the Potohar Plateau. 
 
Year of Study 2010 2011 2012 
 
Sampling site 
No of 
active 
living 
burrows 
Area  of 
study site 
(km²) 
Density 
/km² 
No of 
active 
living 
burrows 
Area  of 
study 
site 
(km²) 
Density 
/km² 
No of 
active 
living 
burrows 
Area  of 
study site 
(km²) 
Density 
/km² 
Gakhar Sanal 
(Kallar Saydian) 
3 2 1.5 1 2 0.5 0 2 0 
Kanyat Ladho 
(Gujar Khan) 
1 2 0.5 0 2 0 1 2 0.5 
Sihal(Chakri) 2 2 1 1 2 0.5 0 2 0 
Malpur(Islamabad) 2 2 1 1 2 0.5 0 2 0 
Kanaisar(Kahuta) 1 2 0.5 0 2 0 0 2 0 
Total /  Mean  
(95% Confidence Interval) 
9 10 0.90 (0.542-1.258) 3 10 0.30 (0..065-0.535) 1 10 0.10(.008-.092) 
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4.4.5 Statistical Analysis 
 Results of burrow characteristics viz. total numbers of burrows, their 
average depth and diameter, recorded at all selected sites of district Chakwal, 
Jhelum, Attock and Rawalpindi were analyzed statistically through ANOVA  and 
student’s paired t-test, using the software “SPSS, version 19”. The numbers of 
feeding burrows at sampling sites were found significantly different from those of 
living or permanent burrows at the same sites (p < 0.001; t = 6.337) (Table 4.13). 
Similarly, average depth of feeding burrows differed significantly from those of 
living burrows (p < 0.001; t = -32.92) (Table 4.14). However, average diameter of 
feeding and permanent living burrows was not different. 
Average density/km
2
 of Indian pangolin in four different districts of the Potohar 
Plateau was compared by one-way analysis of variance (ANOVA), and the Linear 
model fitted (through R-Program) showed that population density was 
insignificant within districts (Fig 4.2). The population density/km
2
 of Indian 
pangolin in the Potohar Plateau from 2010 to 2012 was compared during different 
years by linear regression and population density  within years (2010 to 2013) 
showed a declining trend (Df = 1, F =2.513) at 0.05 level of significance (Fig. 4.3). 
4.5 DISCUSION 
Indian pangolin (Manis crassicaudata) occurs in south Asia: Pakistan, 
India, Nepal, Bangladesh and Sri Lanka. In first four countries its National status is 
vulnerable while in Sri Lanka, it is still data deficient (IUCN, 2009). Very few 
published studies are available on the population density of Asian pangolin species 
(Lim and Ng, 2007; Duckworth et al., 2008; Newton et al., 2008). 
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Table 4.13 Comparison of numbers of feeding and living burrows of Indian 
pangolin found in the study area. Mean and standard deviation of the parameters 
are shown along with the significance calculated by student’s t-test. 
 Average No. of Feeding 
Burrows 
N=558) 
Average No. of 
Living Burrows 
(N=117) 
 
Pvalue 
Mean ±SE 18 ±6.3  3.7 ±1.4 < 0.001 
 
 
 
 
Table 4.14 Comparison of depth and diameter of feeding and living burrows of the 
Indian pangolin found in the study area. Mean and standard deviation of the 
parameters are shown along with the significance calculated by student’s t-test. 
 Feeding Burrows 
(N=558) 
Living Burrows 
N=(117) 
 
p value 
Mean Depth  ±SE 13.3 ± 3.9 32.1 ± 10.7 < 0.001 
Mean diameter ± SE 8.1 ± 1.5 8.5 ± .9 > 0.05 
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Figure 4.2 Average density/km
2
 of Indian pangolin (Manis crassicaudata) in four 
different districts of the Potohar Plateau. One-way analysis of variance (ANOVA) 
of the linear model fitted showed that population density did not differ significantly 
within districts.  
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Figure 4.3 Decline in population density/km
2
 of Indian pangolin (Manis 
crassicaudata) in the Potohar Plateau from 2010 to 2012. Linear regression 
analysis showed declining trend (p < 0.05) in population density of the species 
within years (df = 1, F =2.531). 
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Indian pangolin is a burrowing mammal, and possesses special adaptations for 
excavating burrows in the soil. For this purpose, it has strong forelimbs with hard 
claws which are modifiedfor digging burrows (Swart et al., 1999). The animal 
species digs two types of burrows; one temporary called feeding burrows (which it 
excavates during foraging on ants and termites) and the other permanent called 
sleeping burrows. In general, much more numbers offeeding burrows were found in 
the study area than those of living or permanent burrows, and the numbers of two 
types of burrows differed significantly ( p < 0.05). Similarly, the depth of two types 
of burrows also showed significant difference ( p < 0.05); whereby the feeding 
burrows are less deep compared to those of living permanent burrows which are 
much more and significantly deeper. However, the diameter of burrow opening of 
the two types of burrows is not much different.  
The burrows of Indian pangolin were identified in the field based on their 
characteristics shape (almost rounded or circular) and size; presence of prey 
remains (ants and termites) and faecal droppings. The numbers of feeding burrows 
observed in the field was much greater than that of living ones; 83% were feeding 
and only 17% were permament living burrows. Among the recorded living or 
permanent burrows, 59% were found active while remaining 41% were found 
inactive (not in use by the species). Thapa (2014) had reported 7.5% new and 
92.5% old burrows of Chinese pangolin.  Average diameter of feeding (20 cm) and 
living burrow (22 cm) was almost same, however, the two types of burrows 
differed significantly in their depth. In general, permanent living burrows were 
much deeper than those of feeding ones. Earlier on Pai (2008) had reported that 
depth of burrows of Indian pangolin varies in different habitats depending upon the 
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soil composition; in the soft soil its depth may be more than 6 meters while in 
rocky soil it varies from 1.5m-1.8m (up to 70 inches). Similarly, the Chinese 
pangolin (Manis pentadactyla) is also a burrowing species capable of digging up to 
eight feet within five minutes, although it will inhabit abandoned burrows that have 
been previously constructed. Once inside a burrow, it will close off the opening in 
order to protect itself with dirt.  
Indian pangolin mainly consumes ants and termites, using its strong claws 
to dig into colonies and its tongue to extract the insects (Roberts, 1997). Similarly, 
Prater (1971) reported 6 meters deep burrow of Indian pangolin and eight feet deep 
and two feet wide burrow in India. Ground burrows of different pangolin species 
may range around 15 to 20 cm in diameter with a depth of several meters and 
terminating in a circular chamber as much as 2m in circumference. Burrow 
entrances are generally closed with dirt when occupied. Similarly, Giant Pangolin 
burrows may be as much as 5 m deep and 40 m long (Nowak, 1991). Roberts 
(1997) previously reported that Indian pangolin is a solitary mammal that usually 
lives singly in its burrow except during its breeding period. The similar method of 
active burrow count for population estimation of pangolin was used by Newton et 
al., (2008) in Vietnam and Zhang et al., (2008) and Mahmood et al., (2014). 
Similarly, the population density of Chinese Pangolins was also estimated by the 
number of new burrows (one new burrow represented an individual) divided by the 
area of investigation. During the survey, old burrows found in the research area 
were not added to the population density. Therefore, it was considered during the 
current study that one active permanent burrow was occupied by one individual of 
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the Indian pangolin, and this was used in estimating population density of the 
species on the basis of its active permanent living burrows. 
Although few density estimates are available for Asian and African 
pangolins species such as 0.0001 km
2 
for Indian pangolin in Pakisatn (Chakwal, 
Punjab) (Mahmood et al., 2014), in China, 0.001 heads per km
2 
for Chinese 
pangolin (Wu et al., 2004)  and Tricuspid pangolin in Africa had a population 
density of 0.8/km
2
 (Akpona, 2008). However, no more published population data is 
available for any other species of the pangolin, not only from Pakistan, but also 
from Asian region (IUCN, 2014). 
Here it is pertinent to mention that the population estimates of Indian 
pangolin in the current study have shown a greater density/ km
2
 (1.08/ km
2
 in 2010, 
0.36 /km
2
 in 2011 and 0.23/ km
2
 in 2012) as compared to previous reports such as 
by Mahmood et al., (2014) and Wu et al., (2004) who gave 0.0001/ km
2 
and 0.001 
heads per km
2
, respectively. Our density estimates of 2010 (1.08/km
2
) are also 
greater than the findings of Akpona (2008) who reported 0.8/km
2 
but lesser in 
subsequent years (0.36/ km
2
 in 2011 and 0.23/ km
2
 in 2012) than previously 
reported estimates. 
The populations of the Sunda pangolin and the Chinese pangolin are also 
low in number in Indochina (Shepherd et al., 2007) and there is a sharp reduction 
in all pangolin’s species populations (Wu, et al., 2004; Liou, 2006; Yang, et al., 
2007; Francis, 2008).  In order to conserve pangolin species in Asia the suggestion 
was given by parties at 11
th
 conference to transfer the pangolin species from 
Appendix II to Appendix I of CITES (Kang and Phipps, 2003). 
Population density of Indian pangolin in the Potohar Plateau has alarmingly  
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shown a declining trend, with an approximately 79% decline during three years 
(2010-2012) of the current study. That is equivalent to an average 52% decline per 
year (66.66 % during 2011 and 36.11% in 2012). In all four study districts, density 
estimates were higher during 2010 but much lower during the 2012.  This is, most 
probably, because of illegal massive capture and killing of the Indian pangolin 
from the study area, for which concrete evidences were found. The species is 
mainly being killed for obtaining its scales and traded in local and international 
markets whereby Mahmood et al., (2012) reported 118 individuals of Indian 
pangolin killed for their scales during January 2011 to May 2012. There are a 
number of different groups of people who illegally capture the species from 
Potohar Plateau. Local trained hunters and nomads of the area are the biggest threat 
to Indian pangolin population.  Conservation efforts are being initiated along with 
law enforcement by the cooperation of provincial Wildlife and Parks department at 
district level.  Although some other factors like habitat degradation, coincidental 
killing of the species by farmers, and local hunters are also operating in the study 
area, however, these are less likely to cause such a sharp decline in abundance of 
Indian pangolin, neither is the shortage of its insects and termite species in the 
habitat of Indian pangolin. 
4.6 CHAPTER SUMMARY 
The estimation of the population of Indian pangolin is very difficult by 
applying direct count methodsince the animal is nocturnal and shy. Therefore, in 
the current study, we employed indirect method of active permanent burrow counts 
for estimating the density of the species in the study area. A total of n= 30 sampling 
sites were sampled in all four districts of the Potohar Plateau. Each sampling site  
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had an area of 2 to 4 km
2
.  
Results showed a total number of 675 burrows of the species; n=558 (83%) 
were feeding burrows while 117 (17%) were found permanent burrows. The 
number of active permanent living burrows was n=70 (10% of total burrows) while 
n=47 were inactive (7% of total number of burrows), that is not used by the species 
for living purpose. Overall population decline of 79% was estimated by counts of 
active living burrows of Indian pangolin in the stud area from 2010 to 2012. This 
actually means decline in numbers of active living burrows of the species which is, 
in other words, indicative of decline in population density per km
2
 of Indian 
pangolin in the study area. The numbers of active living burrows recorded at 
selected sampling sites in 2010 were 70 but got reduced to 25 and 15 in 2011 and 
2012, respectively. An average population density of 1.08 /km² was estimated 
during the year 2010, 0.36 /km² in 2011 and 0.23/km² in 2012, showing an overall 
reduction upto 79%. 
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                                                                                                              Chapter 5 
MORPHOMETRIC ANALYSIS OF INDIAN PANGOLIN 
5.1 INTRODUCTION 
There are 11-13 rows of blonde striated scales present on the external body 
surface of Indian pangolin that make it distinctive among other mammals (Roberts, 
1997). The species has meager audible range but a highly developed sense of smell 
used for searching food as it snuffles in the air to detect ants and termites (Heath, 
1995). Foot has spongy pad fortified with strong claws and digits that are capable 
of digging burrows and breaking apart ant nests or termite mound (Prater, 1971). 
The body weight of an adult Indian pangolin is 8 to 11 kg while its length 
ranges from 48 cm to 75 cm (Roberts, 1997). On average, the tail length is about 
seventy percent of the head and body length (Roberts, 1997). Kigdon (1974) 
supposed that scales are 1/3 to ¼ of the body weight. A long sticky tongue and a 
highly muscular stomach is a compensation of teeth in pangolin (Prater, 1971). The 
two mammae (5-8 mm) in females are positioned in thoracic region. In males, 
testes do not descend down into the scrotum but retained in the abdomen. The 
species emanates heckling sound when distressed. For defense, it hides its soft 
body parts under hard scales and emits some fluid from anal gland (Roberts, 1997). 
Norman (2008) considered Manis javanica, with a body mass up to 3kg 
asjuvenile as and greater than 3 kg as adult. The new born was precocial with soft 
body scales and its weight and length was 1 lb and 45 cm, respectively (Indian 
wildlife club Ezine, 2004). The new born possesses soft scales which begin to 
harden on the second day. The mother pangolin nurtures the young in nesting 
burrows. The young one clings to the mother's tail as she moves (Aktin, 2004).   
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5.2 REVIEW OF LITERATURE 
Different pangolin species are classified on the basis of anatomy, size, 
range, or habitat. External characteristics that are useful for species identification 
were reported by Pocock (1924). The Asian species are different from those of 
Africans by the presence of hairs among the scales (Dickman and Richer, 2001). 
There are also some differences among the Asian pangolin species as there are 11-
13 rows of body scales in Manis crassicaudata and 15-18 rows of scales in Manis 
pentadactyla which also have a skin folding around the ear (Pocock, 1924). 
The long sticky tongue of Indian pangolin contributes to its unique mode of 
feeding. It contains salivary glands which secrete sticky saliva for capturing of 
insects during foraging (Heath, 1992). Large species of pangolins can extend their 
tongues as much as 40 cm, with a thickness of only 0.5 cm (New World 
Encyclopedia, 2007).The absolute length of tongue is 42.5 cm and it can be over 
hung up to 25 cm in Indian pangolin (Roberts, 1997).  The 70 cm tongue in Manis 
gigantean, 30 cm in Manis tricuspis (Doran and Allbrok, 1973) and 66.38 in Manis 
tricuspis (Ozegbe et al., 2002) is on record. Ozegbe et al., (2002) reported 1.10% 
relative tongue length (RTL) and absolute and relative tongue weight as 19 kg and 
1.10% in Manis tricuspis. 
 The morphometrical analysis of various regions of the stomach of African 
pangolin (Manis tricuspis) showed four portions including cardia, fundus, corpus 
and pylorus. The thicker parts were found to be metabolically more active than the 
thinner ones. The corpus (thick portion) deals with the hard food while the cardia 
and fundus (thin portions) with the soft internal parts of the ingested arthropods 
(Ofusori et al., 2007). 
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5.3 MATERIALS AND METHODS 
 A total of 12 specimens (dead or live captured or recovered from the 
villagers or local hunters or poachers at different times) of Indian pangolin were 
analyzed morphometrically. The live specimens (n=7) were captured from the field 
by the help of trained domestic dogs seeking help from the local hunters. The body 
measurements like body weight, total body length, tail length, limb length, numbers 
of body scales, size of body scales and so on of both live and dead (n=5) specimens 
were recorded. In addition, the dead specimens recovered from the poachers and 
hunters with the help of administrative and filed staff of the Punjab Wildlife and 
Parks department (District Chakwal) were also utilized. The live specimens of the 
Indian pangolin were released back to their habitat where they were captured or 
trapped from. The dead specimens were buried in the soil and later on their body 
scales were dug out for further analysis. The following measurements were 
recorded; 
5.3.1 Body Weight; of the captured specimens was recorded by using spring 
weighing balance. 
5.3.2 Tail Length; was measured by upraising the tail against some scale. 
5.3.3 Total Body Length; was measured by using a measuring tape. The body 
length was determined by subtracting the tail length from the total length. 
5.3.4 Ear Length and Hind Foot Length; were measured by using the measuring 
tape.  
5.3.5 Numbers and Size of Scales; The number and size of scales on the on 
different body parts were added up.  
103 
 
 
  
5.3.6 Relative Tongue Weight and Relative Tongue Length; The relative tongue 
weight (RTW) and relative tongue length (RTL) of the specimens were calculated 
by using  
the following formulae; 
RTW=tongue weight/body weight×100 
RTL=tongue length/body length×100 
5.3.7 Weights and Linear Measurements of the Viscera; The weight and length 
of organs vize tongue, heart, lungs, liver, kidney, digestive system and reproductive 
system were also recorded. 
5.3.8 Statistical Analysis 
 The morphometrical and anatomical parameters of the Indian pangolin were 
analyzed by using Pearson’s correlation. 
5.4 RESULTS 
5.4.1 General Body Measurements 
 Among juvenile specimens (n=3), first individual was caught from Chakri 
(Sihal) sampling site (district Rawalpindi), another specimen (dead) was recovered 
from Moza Frash Pamal sampling site (district Jhelum), and the third specimen 
from Murreed sampling site (district Chakwal). The sub-adults (n=3) captured 
included two live and one dead specimens; first recovered from Islamabad area 
(Malpur), second from Chakwal (Khai), and the third from Chakri (Sihal). The 
adults (n=4) of Indian pangolin captured included one dead specimen from 
Chakwal (Chumbi Surla site), one live captured specimen from Islamabad (Malpur 
site), Chakwal (Jubair Pur) and Chakri (Mehra Kallan) along with two skeletons 
recovered from Chakri Sihal site district Rawalpindi (Appendix-II). 
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The captured individuals (N=12) of Indian pangolin were subjected to 
morphometrical analysis. Anatomical characteristics of only two dead specimens 
could be recorded; one became the victim of road accident (Islamabad, adult) and 
another was killed by nomads at Chakwal (Khai site, sub-adult). The range of body 
weight, girth and length in juveniles (Table 5.1; Fig. 5.1 A), sub-adults (Table 5.1; 
Fig. 5.1 B) and adults (Table 5.1 and Fig. 5.1 C) were recorded (Appendix-I). In 
juvenile specimens, the average body weight, girth and length were 1.61±0.41 kg, 
25.40±2.9 cm and 54.36±6.57 cm, respectively (Table 5.2). Whereas the body 
weight, girth and body length recorded for sub-adults were 6.66±1.09 kg, 
57.57±9.76 cm and 107±7.8 cm, respectively (Table 5.2). 
The adult specimens of Indian pangolin were, on average, 16.42±2.0 kg in 
body weight, 65.40±5.3 cm in body girth and 138±2.8 cm in length (Table 5.2). 
The two skeletons of the species recovered from Chakri site showed a body length 
of 80.4 cm and 68.4 cm, respectively (Appendix-II). The vertebral column of these 
dead specimens showed a total of 54 numbers of vertebrae 54 (Fig. 5.3). 
Average head-body length of the specimens was found to be 54 cm and tail 
length 46 cm. Forelimbs (15cm) were generally larger than those of the hind limbs 
(12.8cm) (Appendix II). All limbs were five clawed, and the central digits were 
larger in size (Fig.5.4). Average snout length recorded was 3.16 ± 0.63cm in 
juvenile, 4.63 ± 0.1cm in sub-adult and 6.28 ± 0.6cm in adults (Table 5.2). 
5.4.2 Scale Measurement 
Average numbers of scales on the body of juvenile is 286 ± 0.64, 276 ± 24 
in sub-adult and 424 ± 11 in adult (Table 5.3). Greater numbers of scales were 
found on the trunk (140±8.3) region of the body, followed by tail (82.49 ±4.9) and  
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Figure 5.1(A) A Juvenile Indian Pangolin (Manis crassicaudata) captured from 
Sihal site of the study area on 3
rd
 Dec 2011, (B) A sub-adult captured from 
(Murreed site) from district Chakwal on May 2012 and (C) Field photograph of an 
adult Indian pangolin at Chumbi Surla Wildlife Sanctuary site in district Chakwal, 
October 2011.  
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Table 5.1 Criteria for categorization of the Indian pangolin (Manis crassicaudata) 
captured from different sampling sites of the Potohar Plateau into Juveniles, sub-
adults and adults. 
 
 
 
 
 
 
 
 
 
Figure 5.2 Photograph of body measurements of Indian pangolin (Manis 
crassicaudata) being recorded after it was captured live from the field. The 
photograph also reveals size of scales on the different parts of the body. 
 
Age classes Body weight Body length 
Juvenile ≤ 2.5 kg 40-65 
Sub-adult ≤ 8 kg 65-120 
Adult ≥ 8kg ≥120 
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Table 5.2.Body measurements of juvenile, sub-adult and adult specimens of the Indian pangolin captured from different sampling sites of 
 the Potohar plateau during the current study period. 
 
 
 
 
Age classes 
Average 
Body 
Weight 
(Kg) 
Average 
Body 
Girth 
(cm) 
Average 
Head-body 
length    
(cm) 
Average 
Tail length 
(cm) 
Average 
Total 
length 
(cm) 
Average 
Snout 
length 
(cm) 
Average 
Ear length 
(cm) 
Average limbs   length 
(cm) 
Fore limbs Hind limbs 
Juvenile (N=3) 1.61±0.41 25.40±2.9 32.59±3.61 22.40±3.29 54.36±6.57 3.16±0.63 0.91±0.83 11.0±1.70 9.04±1.12 
Sub-adult (N=3) 6.66±1.09 57.57±9.76 61.47±6.04 59.76±13.4 107±7.8 4.6±0.1 1±0.0 16.51±0.73 14.36±1.12 
Adult (N=4) 16.42±2.0 65.40±5.3 81.20±1.8 62.20±5.0 138±2.8 6.28±0.6 1.87±0.1 1.7.27±0.6 14.47±0.6 
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Table 5.3Scale measurements of juvenile, sub-adult and adult specimens (N=10) of Indian pangolin (Manis crassicaudata) captured from 
the different sampling sites of the Potohar plateau during the study period.  
 
 
Age classes 
Average scales number Average Scale size 
Dorsal body  
Total 
 
Fore limbs 
 
Hind 
limbs 
Head 
 (cm) 
Trunk 
(cm) 
Tail 
(cm) Head Trunk Tail 
Juvenile (N=3) 58.3±0 145±7.2 83.0±2.6 286±6.4 50.3±2.9 46.6±2.4 1.4±1.0 2.9±1.1 1.8±1.1 
Sub-adult (N=3) 63.0±10.5 128±9.9 79.6±4.8 271±24 48.5±0 40±0 0.4±0 3.05±0 1.5±0 
Adult (N=4) 63.5±6.6 146±7.4 84.7±6.9 294±11 51.7±1.7 47±2.9 2±0.4 5.3±0.6 4±1.3 
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Figure 5.3 A complete vertebral column of Indian pangolin showing vertebrae. 
 
 
Figure 5.4 The forelimb claw of a dead specimen of Indian pangolin from 
Chakwal site (Khai). 
 
 
 
Figure 5.5 Photographs of the tongue of Indian pangolin, dissected out of the body. 
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head (62 ± 4) rgions (Appendix- II). The numbers of scales on head, trunk and tail 
in juveniles, sub- adults and adults ranged from (50-77, 50-84, 50-79), (50-84,115-
148, 70-85) and (50-79,115-160, 70-105), respectively (Appendix -II). 
The average scale size on the head, trunk and tail regions of juvenile, sub –
adult and adult specimens were 1.4 ± 0.4 cm, 4 ± 0.6 and 2.7 ± 0.7, respectively 
(Appendix –III; Table 5.3; Fig.5.2). 
5.4.3 Relative Tongue Weight and Relative Tongue Length 
The weights and linear measurements of the two dead individuals 
(specimen1, Chakwal, Khai site) and specimen 2 (Chakwal, Chumbi Surla site) 
were carried out. In first specimen, tongue was 15 g in weight and 42.5 cm in 
length and it constituted about 37 % of the total body length (112 cm) of the 
specimen (Table 5.4; Fig 5.5). 
5.4.4 Weight and Linear Measurements of Viscera 
Among visceral organs, liver was found heaviest (228 g in weight) which 
was about 10% of the total body weight (7500 g). A large spleen (22 g) was found 
attached with the stomach. The heart, lungs and kidneys were 43g, 8 g and 44 g, 
respectively. The tongue and reproductive tract were not premeditated in specimen 
2 (Table 5.4). 
5.4.5 Relative Length of Digestive and Reproductive systems  
The relationship between the digestive tract (Fig 5.6 A) and its various parts 
are shown in (Table 5.5; Fig.5.8). In specimen 1, the absolute length of digestive 
system was 26 cm, stomach 15cm, small intestine 300 cm and large intestine 35 cm 
(Fig. 5.6A). So the relative length of the small intestine (1153.8 cm) was 8.5 times 
larger than the large intestine (134.6 cm). In specimen 2, relative length of stomach 
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was 69.4%, small intestine 1500% and large intestine 121.8 % of the absolute 
length of digestive tract (18cm). Reproductive system of specimen 1 was isolated 
from the body (Fig. 5.6 B). The length of ovary was 0.3 cm and oviduct 5 cm. 
Length of the external genetalia (Fig. 5.7 A) were 2.5cm and mammary glands 
(Fig. 5.7 B) were 0.5cm in sub –adult femaleand male genetilia (Fig.5.7 B) was 2 
cm in a juvenile specimen. Relative length of reproductive system to its various 
parts is shown in (Table 5.5; Fig 5.8). 
5.4.6 Statistical Analysis 
A strong positive correlation was found between body mass (kg) of Indian 
pangolin to the body length (cm) (r
2
=0.89) (Fig. 5.9), body mass with its snout 
length (r
2
=0.93) (Fig. 5.10), body mass with its ear length (r
2
=0.94) (Fig. 5.11.) 
Similarly, strong positive correlation was observed between body length of 
Indian pangolin with its body girth (r
2
=0.85), (Fig 5.12), body length with its snout 
length (r
2
=0.75), (Fig 5.13) and body length with its ear length (r
2
=0.77) (Fig. 
5.14). 
5.5 DISCUSSION 
Published literature about other pangolin species shows some criteria to 
categorize the species into juvenile, sub-adult and adult individuals. For example, 
Norman, (2008) considered Manis javanica, with its body mass up to 3kg 
as“juvenile” and greater than 3 kg as “adults”. In the current study, wehave 
categorized Indian pangolin in three age classes on the basis of its body weight as 
juveniles (≤ 2.5 kg), sub-adults (≤ 8 kg) and adults (≥ 8kg). The bodysize (head-
body length) is also an important consideration in this regard (Table 5.1). A baby 
pangolin  captured  from  “Chakri”  sampling  site  of  district  Rawalpindi  on  
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Figure 5.6. (A) Digestive System of a dead specimen of the Indian pangolin 
recovered from Malpur site, Islamabad, and (B) the reproductive system of the 
same specimen. 
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Figure 5.7 Photographs of external genitalia of Indian pangolin (Manis 
crassicaudata), (A) Female external genitalia, (B) mammary glands (C) prepuce or 
penis in a male individual. 
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Table 5.4 Absolute and relative measurements of body organs of the two dead specimens of the Indian pangolin (Manis crassicaudata) 
collected from the Potohar Plateau.  
 Specimen 1 Specimen 2 
 
Parameter 
Absolute 
Weight 
(g) 
Relative 
body weight 
(%) 
Absolute 
length 
(cm) 
Relative 
body length 
(%) 
Absolute 
Weight 
(g) 
Relative body 
weight 
(%) 
Absolute length 
(cm) 
Relative body 
length 
(%) 
Gross body weight 7500 - 112.5 - 4500 - 91 - 
Tongue 15 0.2 42.5 37 - - - - 
Liver 228 3.04 10 8.8 132 3 7 7.6 
Spleen 22 0.29 8 7 17 0.37 5.5 6.04 
Heart 43 0.5 5 4.4 26 0.57 4 4.39 
Lungs 8 0.1 7 6.2 13 0.28 6 6.59 
Kidney 44 0.58 5 4.4 35 0.7 4 4.3 
Digestive tract 574 7.6 26 23 340 7.5 18 19.7 
Reproductive tract 36 0.48 14 12.4 - - - - 
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Table 5.5 Relative length of digestive and reproductive systems of the two dead specimens of the Indian pangolin (Manis crassicaudata)    
recovered from the Potohar Plateau during the current study period. 
 
 
 
 
 
Specimen No. 
Digestive system Reproductive system 
Stomach Small intestine Large intestine      Ovary Oviduct    Uterus Cervix Vagina 
 
 
1 
 
 
Absolute length (cm) 
 
15 
 
300 
 
35 
 
       0.3 
 
       5 
 
    7 
 
     4 
 
  1.25 
 
Relative length (%) 
 
57.6 
 
1153.8 
 
134.6 
 
      2.1 
 
     35.7 
 
   50 
 
   28.5 
 
   8.9 
 
2 
 
Absolute length  (cm) 
 
12.5 
 
270 
 
12 
       - - - - - 
 
Relative length (%) 
 
69.4 
 
1500 
 
121.8 
- - - - - 
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Figure 5.8 Relative size of different parts of digestive and reproductive systems of 
the two dead specimens of Indian pangolin (Manis crassicaudata) recovered from 
the Potohar Plateau during the current study period. 
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Figure 5.9 Strong positive correlation between body mass (kg) of Indian pangolin 
and its body length cm (r
2
=0.89), N=10, Values ± SE.  
 
 
Figure 5.10 Strong positive correlation of body mass (kg) of Indian pangolin with 
its snout length cm (r
2
=0.93). N=10.Values ± SE.  
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Figure 5.11 Strong positive correlation of body mass (kg) of Indian pangolin with 
its ear length cm (r
2
=0.94). N=10.Values ± SE.  
 
 
Figure 5.12 Strong positive correlation of body length (cm) of Indian pangolin 
with its body girth cm (r
2
=0.85), B) N=10. Values ± SE. 
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Figure 5.13 A positive correlation of body length (cm) of Indian pangolin with its 
snout length cm (r
2
=0.75), N=10. Values ± SE 
 
 
 
Figure 5.14 A positive correlation of body length (cm) of Indian pangolin with its 
ear length cm (r
2
=0.77). N=10. Values ± SE. 
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3
rd 
December weighed about 0.78 kg and was 41 cm long, which is in accordance 
with Ogilvie and Bridgewater (1967), who reported a 43.5 cm baby Indian 
pangolin on 6
th
January. Another similar case was reported earlier by Acharjyo 
and Misra (1972), where a 30 cm long and 0.23 kg heavy pangolin was found on 
27
th
 of November. Roberts (1997) also reported a 0.45 kg body weight new born of 
the Indian pangolin. 
The body weight and body length of young ones of the other pangolin 
species are available from the previously published literature but not about the 
Indian pangolin. A fifteen  days old  African pangolin (Manis javanica) was 30-35 
cm in body length and after 1.5 month (3
rd
 November), its  length became 43 cm 
(Norman, 2008 ) and  a Manis tricuspis had 0.1 kg body weight at birth on 3
rd
 
November (Menzies, 1967). The two individuals of Manis pentadacytala (5
th
 
February and 14
th
 November) were 0.09 kg and 20 cm in body length at birth 
(Heath and Vanderlip, 1988). Another individual of the same species was 0.2kg on 
25
th
 December (Masui, 1967). 
In the current study, average body weight of the adult specimens (n = 4) 
was about 16 kg and the maximum was 20 kg. In previously published literature, 5 
kg (n = 66) and 11 kg (n=70) as average and maximum weights were reported by 
Chin and Pantel (2004). Wu et al. (2004) reported 1.6 kg-7kg (n=20) in Sunda 
pangolin and 1.5kg-8.75kg (n=43) body weights in Chinsese pangolin. 
Out of ten (N=10) captured specimens (both live and dead) in the current 
study, seven (07) were found males and three (03) females. Three other adult 
animals captured (two from Chakwal and one from Kallar Syedan sites) were 
males, hoever, their body measurements could not be recorded because they 
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escaped from traps. So the overall male: female ratio was 10: 3. More numbers of 
males encountered shows that either male are abundant in population or more 
motile, may be in search of potential mate. Whereas the sex-ratio was 1: 2 (M: F) 
for sub- adults showing inconsistency in two age classes (sub-adults and adults). 
Hence, it may be concluded that males were not actually more in numbers but as a 
result of differing behaviors in both genders, bias capturing technique or different 
rate of success to find and confiscate them. 
Among captured individuals, three were dead specimens: one was juvenile 
(from district Jhelum, Moza Frash Pamal site), one sub-adult (district Chakwal, 
Khai site) and one adult (from district Chakwal, Chumbi Surla site). The dead body 
of first specimen was recovered during field field visit to the study area. It was 
killed and buried by natives under dung piles to remove its scales from the body. 
The second was recovered by Wildlife and Parks department of district Chakwal 
from nomads who had killed that pangolin and intended to sell that in the market. 
The third specimen was killed by a farmer during digging a grave at Chumbi Surla 
sampling site in district Chakwal. The others included live captures by local people 
and skeletons near the nomad huts. 
Morphometrical analysis of the captured or recovered specimens showed 
that the tongue of the species had three parts; oral, thoracic and abdominal. It 
originates from abdomen, passes through thorax and ends in the mouth cavity. The 
absolute length of the tongue was 42.5 cm and as reported earlier on by Roberts 
(1997), the tongue can be over hung up to 25 cm. The 70 cm tongue in Manis 
gigantea, 30 cm in Manis tricuspis (Doran and Allbrok, 1973) and 66.38 cm in 
same species was earlier reported by Ozegbe etal. (2002).  The RTL (relative 
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tongue length) of Indian pangolin in the current study was 37% and this result is in 
contrary to Ozegbe et al. (2002) who gave 1.10% RTL in African species. The 
tongue absolute and relative tongue weight (RTW) were 15 g and 0.18%, 
respectively in our species and 19 kg and 1.10% in Manis tricuspis as reported 
previously (Ozegbe et al., 2002). 
Forelimbs are generally larger in size with strong claws to perform two 
major functions: digging of burrows even in hard sedimentary areas and to scrap 
ants nests and termite mounds. The yellowish hair grows between scales and pink 
colored hair on the ventral side of the animal body. The morphometrical analysis of 
the captured individuals also showed that the ratio of tail to body length was 40:60. 
During morphometerical analysis, average body weight and body size of 
Indian pangolin were recorded to classify the specimens into juvenile, sub-adult 
and adults. The genders were also differentiated that could be helpful to conserve 
animal of special importance (such as pregnant females). Moreover, physical 
condition of the specimens was also studied to check for any females to be in a 
state of pregnancy. The morphometric information can be helpful to conserve and 
protect pangolins. For example, such information reveals how many males and 
females are present in the current population and how many adults, sub-adults, and 
juveniles are present in the population. If more adults and sub-adults are present, it 
indicates healthy population that can recover from any decline easily. Similarly, the 
presence of juveniles in the population is a positive sign that confirms breeding 
activity of Indian pangolin in the study area, in terms of population turnover, and 
that the population is growing and can recover from any disaster, for example, if 
poachers take more adults. 
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5.6 CHAPTER SUMMARY 
During current study, both live and dead specimens (n=12) of Indian 
pangolin were recovered and / or live trapped and subjected to morphometrical 
analysis. The individuals were categorized as juvenile, sub-adult and adult on the 
basis of their body size and weight and their sex ratio was determined. The average 
body weight and length were 9± 2.2g and 99.25± 10.5cm, respectively. The 
genders were also differentiated on the basis of male and female genetilia. 
 In the current study, only ten (N=10) specimens of Indian pangolin were 
live captured including four adults, three sub-adults and three juveniles, due to 
nocturnal nature and low density of the Indian pangolin in the study area. Athough 
this data is not enough to draw any conclusion that population structure whether 
consists of more adults or juveniles or how much time it will take to recover if 
poachers take more adults from the population. However, the presence of juveniles 
showed that the population is breeding in the study area. 
The scales were found present on the head, trunk, tail and limbs. Average 
numbers of scales on body of Indian pangolin were 285±8.3 and the scale size 
varied from1.4±0 cm to 4.4±0.6 cm. The tongue of the species is unique in 
appearance and size consisting of three parts including oral, thoracic and 
abdominal; it is 42.5 cm long and 37% of the total body length (112.5cm). 
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Chapter 6 
DIET COMPOSITION OF INDIAN PANGOLIN 
 
6.1 INTRODUCTION  
 
Indian pangolin (Manis crassicaudata), a toothless mammal, possesses 
specialized physiological adaptations towards feeding on hard chitinous diet 
consisting of ants species along with termites. It lacks ability to chew and so the 
food is directly passed into the stomach for grinding. Various regions of the 
stomach perform their specific functions, especially in the churning process and 
thus compensate for the lack of teeth in the mouth cavity (Nowak, 1999). 
Indian pangolin, the myremecophagous mammal, mostly forages on 
profound ant species. It may consume more ground prey species in summer as 
compared to those consumed in winter (Swart et al., 1999) because of the facile 
availability of ants in hot weather. Its foraging places may include grass, bare 
ground, and the base of trees, shrubs, roots, leaf litter, fallen logs and elephant dung 
piles (Richer et al., 1997).  
Indian pangolin has specialized feeding habits, the scales have properties of 
anti-adhesion and anti-wear against soil and rock (Tong et al., 1995) which is 
related to its digging ability. The long, sticky tongue of the species also contributes 
to its unique mode of feeding. It possesses salivary glands which secrete sticky 
saliva for capturing insects (Heath, 1992). 
6.2 REVIEW OF LITERATURE 
Direct previously published literature about different ecological aspects and  
food habits of the Indian pangolin is scanty. Most of existing published literature 
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on pangolins ecology ia about the African pangolins,Manis temminckii, Manis 
tricuspis (Heath and Coulson, 1998)and theb Chinese pangolin Mania pentadactyla 
(Wu et al., 2003). In an earlier study, Jacobsen et al. (1991) recorded 13 ant species 
and three termite species in thediet of an African pangolin (Manis temminckii) in 
the Northern Province of South Africa. Similarly, Coulson (1989) analysed some 
stomach samples of African pangolins from Zimbabwe and found that diurnal ants 
and termites were frequently consumed. Similarly, Richer et al. (1997) reported 
seven ant species in the diet of African pangolins, and the major ants species 
consumed was Anoplolepis custodiens while a termite species remained 
unidentified.  
The diet and foraging behavior of African pangolins (Manis temminckii) 
was studied by Swart et al. (1999), emphasizing on the frequency with which the 
prey species were taken. For this purpose, 15 radio-tagged pangolins were studied 
for 14 months, and the prey species exposed by the pangolin during foraging were 
collected, and identified.  Five termites and 15 ants’ species were identified in the 
diet of the pangolins; where ants contributed 96% of the diet. Anoplolepis 
custodiens prey species alone constituted the major component of the pangolins' 
diet (77%).   
The activity budget of both nocturnal and diurnal pangolins was observed in 
one of the earlier studies conducted on other pangolin species, by using radio-
transmitters. The nocturnal species spent most of their time (42%) in walking, 
searching (14%), walk/search (10%), feeding (12%), digging (5%) and in resting 
(10%). The rest of the time (7%) of the foraging budget was spent on the activites 
which could not be observed. The behavior of diurnal forager species was found 
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somewhat similar as that of the nocturnal species except for the percentage of the 
time spent on different activities. The species spent 9% of their time in walking, 
15% on searching, 22% on walk/searching, 34% feeding, 18% digging and 0% in 
rest. 2% of the foraging budget constituted the unnoticeable activates (Richer et al., 
1997). 
6.3 MATERIALS AND METHODS 
 The diet composition of Indian pangolin in the study area was investigated 
by analysis of its faecal samples collected from different sampling sites of the four 
districts including Chakwal, Jhelum, Attock and Rawalpindi of the Potohar Plateau. 
6.3.1 Collection of Samples 
Faecal samples of Indian pangolin were collected from different sampling sites; 
from around the opening of burrows of animal (Fig. 6.1 A), from near dead body of 
the species found in the field, (Fig. 6.1 B) or anywhere else in the sampling site. 
The samples were identified in the field on the basis of presence of remnants of the 
ants clearly visible in the faecal composition (Fig. 6.1 C). Some faecal samples 
were also found in segregated foam in the field (Fig. 6.1 D). 
6.3.2 Faecal Pellet Analysis 
 Fresh faecal samples of the species (N = 44) collected from different 
sampling sites of the study area were stored at ambient temperature into plastic 
vials labeled with location and date of collection. Seventy percent (70 %) ethanol 
was added to the vials on the same day of collection to preserve the samples. The 
samples were brought to the food habits investigation laboratory of the Department 
of Wildlife anagement, PMAS Arid Agriculture University Rawalpindi and stored 
till final analysis. 
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Figure 6.1 (A) Field photographof a faecal sample at the entrance of burrow of the 
Indian pangolin at Chakri (Mehra Kallan site), (B) Faecal sample near the dead 
body of an Indian pangolin at Sihal site (Chakri), (C) Faecal sample in the field at 
the time of collection showing the presence of ants, (D) A segregated faecal sample 
collected from one of the sampling sites in district Rawalpindi. 
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The collected samples were analyzed following slightly modified 
procedures of Schemnitz (1980), Siddiqui et al. (2004) and Dawson et al. (2007). 
Briefly, oven dried and stored faecal samples were soaked in warm water for 2 to 3 
hours to loosen the materials that bind the scats. Each scat was then disintegrated 
and examined to sort into different groups of fragments, body parts of insects and 
soil, using a magnifying glass and binocular microscope. The contents were 
segregated (first by naked eye and then by10x hand- lens or dissecting microscope) 
into various identical groups based on their classification. Further segregation 
within each group was carried out up to the possible accurate level. During the 
process of segregation, each component of the sample was quantified by counts, 
and volume or weight method (Tigar and Osborne, 2000). For microscopic 
analysis, the pellets were washed gently under flowing water through a column of 
different successively finer sieves to separate the different materials. They were 
then, placed on a flat smooth surface and slowly covered with mounting medium 
(Canada balsam) before a cover slip was added. Each slide was examined under a 
light microscope. Finally the recovered materials were identified and 
photographed. 
6.3.3 Identification of Prey Species 
The reference samples of ants and termites were also collected from the 
field from different sampling sites, and from around the burrows of Indian pangolin 
and identified for comparison with those recovered from the faecal analysis of the 
Indian pangolin. 
6.3.4 Statistical Analysis 
 The weight, length and breadth of the  faecal  samples  of  the  species  
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were recorded and compared by using One- way Analysis of Variance (ANOVA) 
to determine significance of any differences in percent weight (%W) of faecal 
segregates from different districts of the Potohar region.The significance was 
calculated by using Post-Hoc test (LSD). 
6.4 RESULTS 
6.4.1 Collection of Faecal Samples 
 A total of forty four (N = 44) faecal samples of the Indian pangolin were 
collected during the current study period from different sampling sites of the four 
districts of the Potohar plateau. Ten samples (N=10) were collected from three sites 
of district Chakwal (including three (03) from Chumbi Surla, two (02) from Jubair 
Pur and five (05) from Murreed sampling sites). The samples were collected or 
recovered from agricultural land (N=4), natural area (N=6) from around or near the 
burrows of Indian pangolin (Appendix-IV). 
 The others included twelve samples (N=12) from six sampling sites of the 
district Jhelum. The one out of two samples, searched out from Mohal, was picked 
up from a crop field on the road side and the other from a natural area.  Four (04) 
out of five (05) samples from Moza Frash Pamal, two (02) from Rohtas, two (02) 
from Pind Dadan Khan and one (01) from Dongi, and two (02) from Pind Dadan 
Khan, were collected from natural areas. The solo (01) sample from Lilla, and one 
(01) each from Moza Frash Pamal and Rohtas, was found segregated near the 
burrow of the species in agricultural land (Appendix-IV). 
 The details of faecal samples collected from district Attock (n=10) include 
one (01) from Tehsil Pindi Gheb (agricultural land), two (02) from Pind Sultani 
sampling site (agricultural land), two (02) from Jaba Jungle sampling site (natural 
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area). The five (05) samples from Hadowali were collected from agricultural area 
(N = 2) and natural habitat (N= 3) (Appendix-IV). 
The twelve (N=12) faecal samples were collected from five study sites of 
district Rawalpindi: one (01) out each from Malpur and Chakri sampling sites, each 
was found segregated in cultivated land. The later was collected from near a 
deadbody of Indian pangolin. The others collected from agricultural land included 
one (01) from Kanaisar, two (02) from Kanyat Ladho, three (030 from Gakhar 
Sinal and three (03) from Chakri sampling sites. While the one from Gakhar Sinal 
and one from Malpur was searched out from natural area away from the burrows of 
the species (Appendix-IV). 
6.4.2 Measurements of Faecal Samples 
Average weight, breadth and length of fecal samples collected from the 
study area (Chakwal, Jhelum, Attock and Rawalpindi) were recorded in the 
laboratory (Table 6.1). The average weight was of the faecal sample 19±4.5 g, 
47±8g, 36±5g and 41.8±8.5g, from Chakwal, Jhelum, Attock and Rawalpindi 
districts, respectively. Whereas, the average breadth was 4.5 ±0.4cm, 3.0±0.5cm, 
3.4±0.2cm and 3.11±0.7cm and the average length 6.55±0.7cm, 5.7±0.7cm, 
5.3±0.6cm and 5.9 ±1.3 cm, respectively. 
The absolute weight, breadth and length of the faecal samples varied from 
5g -38g, 3cm-7.5 cm and 2cm-9.5 cm in Chakwal,10g-100g, 0.8cm- 5.5cm and 
2cm-10cm, respectively in Jhelum,17g-64g, 2.5cm-6cm and 2cm-8cm in Attock 
and 10g-100g, 1.16cm –4.5cm and 1.75cm-8 cm, in samples from Chakwal, 
Jhelum, Attock and Rawalpindi districts respectively (Appendix IV). 
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Table 6.1 Physical Characteristics of faecal samples (N = 44) collected from 
different districts of the Potohar Plateau during the current study period (March 
2010 to July 2012). Values represent mean ± SE. 
 
  
 
  District 
Sample Size 
(N) 
Average 
Weight (gm) 
Average 
Breadth (cm) 
Average 
Length (cm) 
Chakwal 10 19 ± 4.5 4.5±0.4 6.55±0.7 
Jhelum 12 47 ± 8 3.0±0.5 5.7±0.7 
Attock 10 36 ± 5 3.4±0.2 5.3±0.6 
Rawalpindi 12 41.8 ± 8.5 3.11±0.7 5.9±1.3 
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6.4.3 Faecal Analysis  
Fecal analysis of the samples collected from district Chakwal, revealed 
41.3 % remnants of the ants (37 % heads and 63 % other body parts) (Table 6.2; 
Fig. 6.3 A) and 58.8 % soil particles along with some unidentified materials. The 
percent frequency of occurrence of ants and soil particles in faecal samples was 
100 % while 0 % for termites. The % weight composition of faecal samples 
showed 41 % ants and 58.8% soil particles (Table 6.2; Fig. 6.2 A). 
The faecal samples from district Jhelum comprised of an unusual 
component, bug (Fig. 6.3 C), other than remnants of the ants, grass, wood and soil. 
Highest percent frequency occurrence (%F) in the faecal samples was found for 
ants heads and other body parts 100 (12), and soil 100 (12), followed by grass 41.6 
(5), wood 33.3(4) while the lowest % F was 8.3(1) for bugs. Highest percent 
weight (%W) occurrence showed soil (48.6%), followed by ants body parts 
(32.5%), ants heads (11.3%), wood (4.7%), while the lowest (1.2%) was for the 
grass and for bugs (1.5) (Table 6.2; Fig. 6.2 B). 
Faecal analysis of samples collected from district Attock revealed 31.8 % 
ants (10.8 % heads and 21 % other body parts), 3.8 % termites (1.1 % heads and 
2.7 % other body parts) (Table 6.2; Fig. 6.2 C and 6.3 D, E), and 62.7 % soil 
particles. Other materials recovered included 1.3 % grass. The % frequency of 
occurrence of ants and soil particles was  100 % while 10 % for termites meaning 
that ants and soil particles are recovered from all 10 faecal samples processed 
whereas only one sample showed presence of  termite species, most probably by 
being soft bodied insect and completely digested. The % weight composition of 
faecal samples showed 31.88 % remnants of ants, 3.8 % termites and 62.7 % soil 
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particles (Table 6.2; Fig. 6.2 C). 
 Results of faecal analysis from district Rawalpindi showed ants (heads, 
other body parts), stones, and soil particles; percent frequency of occurrence (%F) 
was 100% for ants heads ants and other body parts and soil 100(12), followed by 
grass 25% (3) and wood 16.6% (2). Highest percent volume (%W) occurrence was 
found for soil particles or clay (61.7%), followed by ants body parts and heads 
(22.7% and 10%, respectively), while lowest percentage (4.5%) was for wood and 
(1.09%) for grass (Table 6.2; Fig. 6.2 D).  
6.4.5 Identification of Prey Species 
Reference samples of ants and termites were collected from the same 
habitat and sampling sites ofIndian pangolin from the Potohar plateau, for 
identification and comparison with those recovered and identified from the faecal 
analysis of Indian pangolin.  Results revealed two species of black ants including 
Camponotus confucii and Camponotus compressus and one species of termite 
named Odontotermis obesusas the prey species consumed by Indian pangolin in the 
study area (Fig. 6.4 A and B). 
6.4.6 Statistical Analysis 
 The weight, length and breadth of faecal samples showed no significant 
difference. Faecal segregates were statistically compared by using SPSS version 19 
and a significant difference was found between percent weights of faecal 
components (p <0.001) (Table 6.3). Ants head were recovered in significantly 
lower percentage compared to other body parts of ants (p =0.001) and soil volume 
(p<0.001) while they were significantly higher than wood (p = 0.019) and grass (p 
= 0.021) components in the faeces. The body parts of ants were found from the 
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Table 6.2 Percent frequency occurrence (%F) and percent weight (%W) 
occurrence of recovered food items from the faecal samples of Indian pangolin (N 
= 44) collected from different sampling sites of the Potohar plateau during the 
current study period. 
 
 
 
 
 
 
 
 
 
 
 
 
Food  items  
recovered 
Chakwal Jhelum Attock Rawalpindi 
% 
Frequency 
(N=10) 
% 
Weight 
(N=10) 
% 
Frequency 
(N=12) 
%  
Weight 
(N=12) 
 
% 
Frequency 
(N=10) 
%  
weight 
(N=10) 
% 
Frequency 
(N=12) 
%  
Weight 
(N=12) 
 
 
 
Insects   
(Ants) 
        
Heads 
100 (10) 15.6 100 (12) 11.3 100 (10) 10.8 100 (12) 10 
Other 
body 
parts 
100 (10) 25.7 100 (12) 32.5 100 (10) 21.0 100 (12) 22.7 
 
 
Termites 
        
Heads 
0 0 0 0 10(1) 1.1 0 0 
Other 
body 
parts 
0 0 0 0 10(1) 2.7 0 0 
Bugs 0 0 8.3(1) 1.5 0 0 0 0 
Grass 0 0 41.6(5) 1.2 20(2) 1.3 25(3) 1.09 
Wood 0 0 33.3(4) 4.7 0 0 16.6(2) 4.5 
Soil particles 100(10) 58.8 100(12) 48.6 100(10) 62.7 100(12) 61.7 
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Figure 6.2 The average weight (%W) composition of prey items recovered from faecal segregates of Indian pangolin (Manis 
crassicaudata) collected from (A) Chakwal (B) Jhelum (C) Attock (D) Rawalpindi. 
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Figure 6.3 Photographs of recovered materials from faecal analysis of Indian 
pangolin (Manis crassicaudata), (A) Ants heads and (B) Ants other body parts 
recovered from faecal sample collected from Chumbi Surla site, district Chakwal 
C) a faecal sample showing presence of bugs (Mohal site, district Jhelum), (D and 
E) presence of termites, head and other body parts recovered from a faecal sample 
collected from district Attock. 
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Figure 6.4 Photographs of the prey species of Indian pangolin (Manis 
crassicaudata) from the Potohar Plateau (A) two species of black ants Camponotus 
confucii and Camponotus compressus and (B) one species of termite Odontotermis 
obesus. 
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Table 6.3 Comparison of percent weight (% W) of food items recovered from the 
faecal analysis of Indian pangolin (Manis crassicaudata) from the study area. 
Mean and standard deviation are shown along with the significance calculated by 
One-way ANOVA. 
 
AH= Ants head ABP=Ants body parts 
 
 
 
Table 6.4 Statistical comparison of percent weights (%W) of faecal segregates of 
Indian pangolin (Manis crassicaudata) from all four districts (Chakwal, Jhelum, 
Attock and Rawalpindi) of the Potohar region by LSD. 
 
 
 AH ABP Wood Grass Soil p value 
Mean of % Volume 4.6 10.4 0.73 0.80 22.7 <0.001 
SE 3.8 8.5 2.3 3.0 14.0  
 
Sr. No. Comparisons Mean  Difference P Value 
1 AH  vs ABP -5.78 0.001 
2 AH vs wood 3.90 0.019 
3 AH vs Grass 3.84 0.021 
4 AH vs Soil -18.1 <0.001 
5 ABP vs wood 9.68 <0.001 
6 ABP vs Grass 9.62 <0.001 
7 ABP vs Soil -12.3 <0.001 
8 Wood vs grass -0.636 0.969 
9 Wood vs soil -22.05 <0.001 
10 Grass vs soil -21.99 <0.001 
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faecal samples in higher amounts than the heads of ants (p =0.001), wood (p 
<0.001) and grass (p <0.001) but in lower quantity compared to soil (p <0.001). 
There was no significant difference between wood and grass recovered from the 
faecal analysis, however, wood was recovered in significantly lower percentage 
than ants heads ( p =0.019), other body  parts of ants ( p <0.001) and soil ( p 
<0.001). Percent volume of grass was significantly lower than that of soil (p 
<0.001), ants body parts (p <0.001) and ants heads (p <0.021). There was no 
significant difference between grass and wood recovered from the faeces. Soil or 
clay was recovered from faecal analysis in highest percentage among all the faecal 
components. The p value for all the differences was <0.001 (Table 6.4).  
6.5 DISCUSSION 
Indian pangolin has special adaptations for feeding and it often excavates 
the soil to reach profound ants. It also feeds on superficial ants colonies and 
termites mounds. A long sticky tongue and brawny stomach is compensation of 
teeth in Indian pangolin (Prater, 1971). It lacks the ability to masticate food that is 
licked by the help of tongue and so food is directly passed into the stomach for 
grinding.  
In the current study, we used indirect method (faecal analysis) to investigate 
the diet composition of Indian pangolin in the Potohar Plateau. Since the animal is 
nocturnal and shy, direct field observation on feeding habits is very rare. Faecal 
samples were collected from around or near the locality of the animal such as from 
inside the burrows, around the burrows and also far away from the burrows. It was 
a hard task to find and locate faecal droppings of the species because it has ahabit 
of depositing its faecal matter into the soil and covering it from above with soil or 
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clay. It makes detection of the faecal samples much difficult. The average weight, 
breadth and length of the faecal samples varied from 19 ± 4.5 g to 47 ± 8 g, 3.0 ± 
0.51cm to 4.5 ± 0.48 cm and 5.3 ± 0.64 cm to 6.55 ± 0.79 cm, respectively.This 
variation may be due to different ages of the animals that deposited faeces. Some 
samples were found disintegrated either completely segregated (one from Lila 
(Jhelum) and one sample from Malpur and Chakri (Rawalpindi)) or broken into 
fragments, therefore, the precise measurement has not been taken. 
Results of faecal analysis of the species showed remnants of the ants (heads 
and other body parts), body parts of some termites, few percentages of grasses and 
wood, and substantial amount (58%) of the soil or clay comprised the fecal pellets. 
Almost all collected faecal samples contained ants body parts and soil particles 
(100%). Roberts (1997) had reported that the presence of soil particles in the faeces 
of Indian pangolin was due to incidental ingestion while grubbing in the soil for 
ants. Bugs were recovered from only one faecal sample collected from the Mohal 
sampling site of the district Jhelum. This is an indication, that Indian pangolin is 
not only a myremecophagous mammal but it may feed occasionally on bugs.  
Hutton (1949) also had similar finding whereby he reported beetle wings covering 
and pieces of cockroaches along with ants recovered from the stomach contents of 
Indian pangolin in India. Although termites are soft bodied insects and completely 
digestible, one faecal sample collected from the Pindi Gheb site of the district 
Attock, showed its presence. 
Among all faecal samples analysed, 58% component recovered on average, 
consisted of soil or clay particles and 36% remnants of the ants. One earlier 
published study reported that an Indian pangolin kept in captivity defecated; the 
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sample when processed, gave the same results. The other components recovered 
were in trace quantities like wood (4.60%) and grass (1.19%). 
The faecal droppings of Indian pangolin were discovered and observed in 
two main types of habitats; agricultural land and the natural area. Twenty four 
samples (N = 24) were recovered from natural area that is devoid of any human 
interference and remaining twenty (N = 20) from cultivated land. Humphrey and 
Bain (1990), Francis (2008) and Duckworth et al. (2008) agreed that most favorite 
place to live for pangolin is the forest but it also lives in cultivated areas. Richer et 
al., (1997) had reported that feeding sites of Indian pangolin may include grasses, 
shrubs, bottom of trees and even in the area where there is no vegetation. 
Indian pangolin is fastidious in selection of its food. This was particularly 
evident in an earlier published study when captive pangolins rejected ants species 
offered and even starved for days. The observer of the captive pangolin (Phillips, 
1928) also had similar view that pangolin prefer some ants species (black colored) 
while reject others (red ants). In the current study, an Indian pangolin was observed 
by a villager in Murreed sampling site (district Chakwal) early in the morning 
drinking water from a pond. Its burrows were usually seen to be located near the 
water source, however, it may survive in long periods of drought as reported by 
Prater (1980). 
The prey species consumed by Indian pangolin in the current study included 
two black colored ants species (Camponotus confucii and Camponotus termitidae) 
and one termitespecies (Odonto termis obesus). The same prey species were 
reported earlier by Mahmood et al, (2013). Whereas Richer et al., (1997) and Swart 
et al., (1999) had reported Anoplolepis custodiens ants species in the diet ofAfrican 
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pangolin (Manis temminckii). The two species of ants utilized by Chinese pangolin 
are Coptotermes formosanus and Macrotermes barneyi (Wu et al., 2005). 
 Diet information obtained in the current study about Indian pangolin can be 
used to better management of the animal. Firstly, the animal species may be 
provided with more food (supplemental food) as the prey species were identified. 
Secondly, the habitat where its prey species exist may be protected so that it can 
flourish well. Thirdly, the species may be translocated into such areas where there 
is plenty of its food items (prey species of ants and termites). Fourthly, Indian 
pangolin can be kept in captivity, and utilized for captive breeding program by 
offering its prey species as food. The similar work has been done by Mohapatra 
and Panda (2014), where they presented red weaver ants (Oecophylla smaragdina) 
with their eggs to Indian pangolins kept in captivity at Nandankanan Zoological 
Park, India. 
6.6 CHAPTER SUMMARY 
The diet composition of Indian pangolin in the Potohar Plateau was 
investigated by faecal analysis of the species. A total of N=44 faecal samples of 
Indian pangolin were collected from different sampling sites of the study area and 
stored in the laboratory till final analysis. 
Average weight, length and breadth of (N =44) of faecal samples were 
38.27±3.9 g, 3.39±0.29 cm and 5.74±0.4 cm, respectively. Highest percent 
frequency of occurrence was shown by ants and soil particles (100%) in the faecal 
samples, followed by grass (22.7%), wood (13.63%) while least for bugs (2.27%) 
and termites (2.27%). Similarly, the soil particles or clay contributed the highest % 
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weight (57.95%) of the faecal pellets, followed by ants (37% = 11.9% ants heads 
plus 25.47% other body parts), wood (2.3%), grass (0.89%), termites  (heads 
0.275%+ other body parts 0.675%) and least for bugs (0.375%).  
 The two species of black ants were identified as main prey items consumed 
by Indian pangolin in the study area including Camponotus confucii and 
Camponotus compressus whereas one  termite species identified as prey species of 
Indian pangolin included  Odontotermis obesus. 
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Chapter 7 
GENERAL DISCUSSION 
 
Indian pangolin (Manis crassicaudata), an important component of 
ecological unit, has a noteworthy function in biological pest management. It was 
estimated that a pangolin of average size (about 3 kg) can devour about 300-400 g 
of termites per feeding (Chin and Pantel, 2008) and 70 million ants per year (Chao, 
2002). It excavates burrows to dig out its prey species (ants) and this process may 
improve soil richness by aeration and also provide habitat to other burrowing 
animals. The species also serves as a source of food and medicine in some parts of 
the world (Indian Wildlife Club Ezine, 2004). Moreover, its scales are the leading 
article of trade now days since these are being used in Traditional Chinese 
Medicines (Chin and Pantel, 2008). 
In the current study, the two main factors that restricted the distribution and 
occurrence of Indian pangolin in the study area are elevation (asl) and the forest 
type. We recorded the species at a maximum elevation of approximately 880 m in 
the study area and not beyond that. This shows that elevation has its impact on the 
distribution of Indian pangolin in the study area, and also beyond that altitude, a 
very different forest type occurs like coniferous or alpine forests, where Indian 
pangolin does not occur. Our results indicate the distribution is limited to elevation 
and forest type; however, it requires further studies to sample larger and diverse 
area and habitats in order to establish this fact.   
Generally, the climate of Potohar Plateau is semi-arid to humid with an 
average annual rainfall of 250 mm to 500 mm and maximum temperature reaching 
up to 45
o
C during summer season (Encyclopedia Britannica, 2010). It is an 
appropriate habitat for Indian pangolin. Results of the vegetation analysis of the 
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habitat of Indian pangolin showed that dominant tree species were Acacia nilotica, 
Zizyphus mauritiana and Acacia modesta. The dominant shrubs were Zizyphus 
nummularia, Calotropis procera, and Prosopis juliflora while Cynodon dactylon 
and Cenchrus ciliaris were dominant among herb species. The Indian pangolin 
may prefer some vegetation types more over the others as was reported by 
Mahmood et. al., (2014) that Indian pangolin has got special association with or 
prefers Capparis decidua and Salvadora oleoides species; most probably for 
making its permanent burrows. Plant species may provide conducive, humid 
environment in their roots for building up of ants and termites colonies in the 
habitat of the Indian pangolin, although Akhter and Rashid (2001) had collected 
termites from Acacia modesta and Dalbergia sissoo species. It is noticeable that 
shrubs may be helpful in providing prey species to Indian pangolin. In the current 
study, many trails of ants were found on Acacia modesta and Zizyphus 
nummularia, as ants have association with both the trees species for nectars and 
fruit. 
 The Indian pangolin is present in five different Asian countries including 
Pakistan, India, Nepal, Bangladesh and Sri Lanka, but is still deficient in data 
regarding its population estimates (IUCN, 2014). The studies depicting population 
density of the Indian pangolin are lacking not only in Pakistan, but in South Asia as 
well. The species is rarely observed due to its secretive, solitary, and nocturnal 
habits, and also not enough research studies exist on its population density or 
global population estimates (CITES 2000). The Indian pangolin is thought to occur 
in small numbers in Bangladesh, where it was described as rare in 1986 (Khan 
1985). In India, the overall status of the species is not well known (Tikader, 1983). 
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It is relatively uncommon in Pakistan (Roberts, 1997). In Sri Lanka, it is of variable 
abundance, but nowhere common (Phillips, 1981).In the current study, results of 
population density estimates have shown an overall 79% decline in Potohar Plateau 
during three years (2010-2012). A number of factors may be responsible for this 
sharp decline of the species’ population in the study area including mainly its 
illegal capture and kill by nomads, professional hunters and local people for getting 
its scales to sell in the black market. In a recent study, Mahmood et al., (2012) 
reported massive and ruthless killing of Indian pangolin in the same Potohar region 
of Pakistan, whereby a total of N= 118 individuals of the species were killed 
brutally from January 2011 to May 2012. Nomads and local hunters were found 
involved in the illegal trade of the species. They capture the species liveand boil it 
in a water tank to remove itsscales, the rest of the scale-less dead body being 
thrown away for decaying. It is suspected that its scales, having a high demand in 
the illegal local as well international markets, are used inmanufacturing bullet-
proof jackets and in Traditional Chinese Medicines (TCM). Similarly, in April 
2012, important information wasreceived from China on a seizure that occurred 
there whereby the suspect had apparently sourced the pangolin scales from 
Pakistan. A Chinese passenger “Zhou” was found to carry 12 bags of Pangolins 
scales, weighting 25.4 kg and he confessed to getting these pangolin scales when 
he worked in Pakistan and planning to sell them in China 
(http://www.customs.gov.cn/publish/portal0/tab39267/info365276.htm). These 
recovered scales apparently seemed to be the same that were collected from the 
Chakwal district of the study region in February 2012, where they were transported 
to Islamabad. This fact shows that trade in Indian pangolin scales have become 
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trans-National fromPakistan. The fact is that the Indian pangolin is a protected 
species in Pakistan abd placed in Category three of the “Third Schedule” of Punjab 
Wildlife Acts and Rules (1975). Its international status has recently been changed 
from “Near Thfreatened” to “Endangered” and is also listed in Appendix-II of 
Convention on InternationalTrade in Endangered Species (CITES, 2000). But 
inspite of its protected status, it is being illegally captured, brutally killed and 
traded for its precious scales throughout the Potohar Plateau. Under such scenario 
of illegal trade of the species, the decline in its population is not surprising. 
However, it demands immediate conservation efforts to be launched by the relevant 
departments of the state and the non-governmental wildlife organizations to save 
the little remaining population of the species in the study area.  
Roberts (1997) had reported some general body measurements of Indian 
pangolin, however, in the current study different age classes (juveniles, sub-adults 
and adults) have been assigned to the animal species and detailed morphometrical 
and anatomical parameters have been recorded. During the current study, a total of 
seven live and three dead specimens ofIndian pangolin were collected or recovered 
from the different sampling sites of the study area for morphometrical and 
anatomical analysis. Average body weight of the Juvenile (n = 3), sub-adult (n = 3) 
and adult (n = 4) specimens were 1.61 ± 0.41 kg, 6.66 ± 1.09 kg, and 16.42 ± 2.0 
kg, respectively, while their average body length were 54.36 ± 6.57 cm, 107 ± 7.8 
cm, and 138 ± 2.8 cm, respectively. Scale number on the body surface of the 
specimens was 286 ± 6.4, 271 ± 24, and 294 ±11, in Juvenile, sub-adult and adults, 
respectively. The scale size was different on different body regions like head, trunk 
and tail regions. Largest sized scales were found on the trunk region of the body. 
148 
 
 
  
Relative tongue weight (RTW) and relative tongue length (RTL) were 0.2 % and 
37 % of the total body weight and length, respectively. Not much published 
literature exists regarding body measuerements of Indian pangolin except Roberts 
(1997) who had mentioned some description of the species reporting its external 
features, mentions of body scales, length of its tongue that according to him can 
protrude out approximately 10 inches from the snout. He also reported that females 
are generally smaller than males, and also mentioned a male pangolin killed in road 
accident near Kohat weighed 11.3 kg. 
 For diet investigation of Indian pangolin, a total of forty four (N=44) faecal 
pellets were collected from different sampling sites of Potohar Plateau and 
analysed. Results showed that ants (% F = 100, %W=37.9) and soil particles (% 
F=100, %W=57.95) were recovered in large proportion as compared to  bugs (% 
F=2.27, %W=0.375), termites (% F=2.27, %W=0.95), wood (% 
F=13.63, %W=2.3 ) and grass (% F=22.7, %W=0.89). The prey species of Indian 
pangolin identified from its faecal analysis include two species of black ants 
including Camponotus confucii and Camponotus cpmpressus and one termite 
species Odontotermes obesus. Earlier on, Roberts (1997) had reported that Indian 
pangolin is extensively insectivorous; it uses its long, sticky tongue to catch ants 
and termites. Similarly, Pai (2008) showed that insect and termite eggs are likely to 
be more relished than the adults. The Indian pangolin is attracted by the leaf nests 
of large red ants in particular, which hold the swarms of adult ants and also their 
eggs. In the current study, it looks quite probable that clay, sand, plant matter and 
stones recovered during faecal analysis of theIndian pangolin were actually not 
included in its usual diet bur rather taken up by the animal species passively during 
149 
 
 
  
foraging on its prey species. However, it is quite possible that stones play important 
role in grinding and churning of chitin of ants species in the stomach of the Indian 
pangolin, since Pai (2008) showed that during foraging, Indian pangolins directly 
take food into their stomach due to the lack of teeth and strong musculature in the 
stomach helps in grinding the food items including pebbles collected during the 
feeding process. Yang et al., (2007) reported Indian pangolin is insectivorous in its 
food habits, predominantly foraging on ants and termites. Earlier studies about 
some other pangolin species have listed ants and termites species in their diet. For 
example, Coulson (1989) showed that four termite and six antspecies were 
recovered from the stomach contentsof the African pangolin. Similarly, Gao (1934) 
had identified five ant species in the stomach of theFormosan pangolin.  
 Being an inimitable and introverted mammal, Indian pangolin (Manis 
crassicaudata), is in jeopardy in Pakistan. It is a solitary mammal facing high risk 
of extermination from its wild habitat, where illegal hunting is one of the major 
intimidations to its survival. During field surveys live (n=24) and dead (n=97) 
specimens were recovered from the field and it was noticed on gross examination 
that the animals were killed for getting their body scales. We searched 250 m area 
on either side of the roads surveyed that showed declining trend of Indian pangolin 
population. However, in current study, we did not find any evidence of road bias 
occurrence of Indian pangolin, neither from the published literature nor from the 
field observations, although one might expect poachers to take more pangolins that 
are closer to road. Although, we did record 8 road killed pangolins (KallarKahar 
area=1, Talagang=1, P.D. Khan=2, Jhand =1, Chakri=2, Malpur=1) during the 
current study period.  
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 During current study period, a total of 30 sampling sites from all four 
districts of Potohar Plateau were sampled for population estimation, where its 
population density declined by approximately 79% over three years and 52% 
annual decline . The decline in pangolin population has been indicated in all the 
four districts of the Potohar Plateau at all representative sampling sites. This shows 
that pangolin density has decline throughout the Potohar Plateau. However, further 
detailed studies are required to confirm and estableish this fact, in order to review 
the stautus of the species. Earlier on, Mahmood et al., (2012) had reported 118 
killed Indain pangolin during five months (January 2011-May 2012) in Potohar 
plateau that depicts an overall decline. A total of N=118 dead Indian pangolins 
were reported from different localites of the district Chakwal (n= 60), Jhelum 
(n=19), Attock (n=25) and Rawalpindi (n=14). Similarly, there are numerous 
reports about seizure of Indian pangolin scales from China and Hong Hong, where 
the person held by the Chinese Custom Department confessed that he brought those 
body scales of Indian pangolin from Chakwal, Pakistan. All these findings indicate 
an overall decline of Indian pangolin throughout the Potohar Plateau. 
 Anearlier report from the same area showed illegal killing of the Indian 
pangolin at massive level (Mahmood et al., 2012). A total of N=118 dead Indian 
pangolins were reported from different localites of the district Chakwal (n= 60), 
Jhelum (n=19), Attock (n=25) and Rawalpindi (n=14). 
Nature has granted the pangolin with scales, which on one hand, provide 
self defense but on the other hand, become the cause of its massacre. The illegal 
hunting made this significant mammal the scarce one as it is foremost trade 
commodity of wildlife trade of Asia (Shepherd et al., 2007). The seizure data 
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gathered from the press and enforcement authorities shows that about 30,000 
pangolins were apprehended in Southeast Asia between 2000 and 2007 (Chin & 
Pantel, 2009). In order to conserve the species immediate conservation measures 
should be taken to make sure the sustainability of this vital species in its natural 
habitat.  
On the basis of results of the current study, and the concrete evidences 
about massive illegal hunting of Indian pangolin, the concerned authorities (Punjab 
Wildlife and Parks department) have been informed, a news article waspublished in 
the daily newspapers “The News”(http://www.thenews.com.pk/Todays-News-11-
98630-Indian pangolins) dated March 20, 2012, highlighting the issue, onwhich 
WWF Pakistan showed serious concern and wrote a letter to Deputy General 
(D.G.) Wildlife department Punjab to look into the matter. Moreover, we also 
published data of illegal hunting in scientific journal (Mahmood et al., 2012) to 
highlight the matter to the scientific community.Acting on the information, the 
concerned district Wildlife offices of Chakwal, Attock and Rawalpindi, have 
arrested the poachers, trialed them in the court and fined them Rs. 10,000/- each. 
However, this also does not seem enough because illegal killing of the species still 
continues and so it demands continuing efforts for conservation of Indian pangolin 
in the study area. 
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SUMMARY 
 
Indian pangolin (Manis crassicaudata), is armored with body scales which 
provide it protection against predators and other dangers in the environment. But at 
the same time, its scales impose biggest threat to its population because these are 
used as ingredients in the “Traditional Chinese Medicines”. Therefore, the animal 
species is illegally captured and killed for obtaining its body scales which are then 
traded across the border to other countries of Asia including China. In the country, 
ecological data about Indian pangolin is scanty and very little published 
information exists in the Asian region. The current study, therefore, aimed to 
investigate the distribution, population status, and the food habits of the species in 
the Potohar Plateau.  
The distribution of Indian pangolin was studied by conducting extensive 
surveys of the study area on motor vehicle, and recording its direct and indirect 
signs on either side of the road (250 m on either side of the road transect). In 
addition, questionnaire survey was carried out to collect information from native 
people, local hunters, staff of the provincial Wildlife and Parks department, 
shopkeepers and the school children, about the occurrence of this species in the 
area. Vegetation analysis in the habitat of the Indian pangolin was carried out by 
quantifying trees (by Point-Centered-Quarter method), and shrubs and herbs (by 
Quadrat method). The population estimation of the species was carried out by using 
indirect method of its active permanent burrow counts while its food habits were 
studied by analysis of its faecal pellets.  
Results showed that Indian pangolin was present in all sampled transects of 
two districts (Jhelum and Chakwal) of Potohar Plateau whereas some places of the 
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remaining two districts (Attock and Rawalpindi) lack it. The species was found 
limited to a certain elevation above sea level (879.95 m) in the sub-tropical scrub 
and sub-tropical deciduous forests, above which no record of its existence was 
found in the study area. In two Tehsils of district Rawalpindi, Kotli Satiyan and 
Murree (that have coniferous forest), no sign of occurrence of the species was 
recorded. 
 Results of the vegetation analysis of the habitat of Indian pangolin showed 
dominant tree species including Acacia nilotica (IVI=74.92%), Zizyphus 
mauritiana (IVI=61.75%), and Acacia modesta (IVI = 58.6). The dominant shrubs 
were Zizyphus nummularia (IVI=86.66%), Calotropis procera (65.08), and 
Prosopis juliflora (IVI= 35.40) while Cynodon dactylon (IVI=40.8%) and 
Cenchrus ciliaris (IVI=37.56) were dominant among herb species. 
A total of thirty (30) sampling sites (Chakwal = 12, Jhelum = 8), Attock = 5 
and Rawalpindi = 5) were focused for estimating the population density of Indian 
pangolin in the Potohar Plateau by applying indirect method (number of active 
living burrows/km
2
), since the direct count method was not suitable for such a shy, 
nocturnal and rare species, and there were rare chances of sighting the animal 
species during the daytime. Average population density of 1.08 /km² was recorded 
during the year 2010, 0.36 /km² in 2011 and 0.23/km² in the year 2013, showing an 
absolute decline of approximately 79% with annual rate of 52%. 
During the current study, a total of seven (07) live and three (03) dead 
specimens ofIndian pangolin were collected or recovered from different sampling 
sites of the study area for morphometrical and anatomical analysis. Average body 
weight of Juvenile (n = 3), sub-adult (n = 3) and adult (n = 4) specimens were 1.61 
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± 0.41 kg, 6.66 ± 1.09 kg, and 16.42 ± 2.0 kg, respectively, while their average 
body length were 54.36 ± 6.57 cm, 107 ± 7.8 cm, and 138 ± 2.8 cm, respectively. 
Scale numbers on the body surface of the specimens were 286 ± 6.4, 271 ± 24, and 
294 ±11, in Juvenile, sub-adult and adults, respectively. The scale size was variable 
on different body regions like head, trunk and tail; largest sized scales were found 
on the trunk region of the body. Relative tongue weight (RTW) and relative tongue 
length (RTL) were 0.2 % and 37 %, of the total body weight and length, 
respectively.  
For diet analysis of Indian pangolin, a total of forty four (N=44) faecal 
pellets were collected from different sampling sites and analysed. Results showed 
that ants (% F = 100, %W=37.9) and soil particles (% F=100, %W=57.95) were 
recovered in large proportions as compared to bugs (% F=2.27, %W=0.375), 
termites (% F=2.27, %W=0.95), wood (% F=13.63, %W=2.3 ) and grass (% 
F=22.7, %W=0.89). The prey species of Indian pangolin identified from faecal 
analysis include two species of black ants including Camponotus confucii and 
Camponotus compressus and one termite species Odontotermes obesus.  
  A sharp decline in population density of Indian pangolin during three years 
of the current study in Potohar Plateau demands immediate conservation efforts to 
be initiated in order to save this unique mammalian species in the region. 
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RECOMMENDATION 
Although, at the moment, it is difficult to determine the future level of 
decline in population of Indian pangolin, however, better conservation efforts can 
be fruitful to save this insectivore from illegal hunting, which is the primary 
cause of its decline in the Potohar Plateau. Based on the results of the current 
study, the following actions are recommended;   
 Decline in population density of the Indian pangolin in the study area 
suggest to some extent, reviewing the IUCN status of this animal species to 
upgrade it from the category “Near Threatened (because it is likely to 
become endangered in the near future)” to the category “Endangered 
(having high risk of extinction in the wild)” and inclusion of this species 
from Appendix-II to Appendix-I of the CITES, although it requires further 
data from other parts of the country as well other countries.  
 The matter of illegal capture and ruthless killing of Indian pangolins in the 
Potohar Plateau demands immediate conservation measures, failing which 
may result in vanishing of the species very soon from the study region. 
Illegal killing of Indian pangolin has resulted in significant decline in its 
population in the whole Potohar region, so appropriate and sudden law 
enforcement is vital for conservation and management of this species. 
Chakwal Wildlife department has played a very significant role in arresting 
the hunters of Indian pangolin but the wildlife departments of other three 
districts also need to follow this example, while hunters are still hunting the 
animal species. Penalties for hunting Indian pangolin need to be revised. 
One pangolin is being sold in market from 10,000-50,000 while fine 
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imposed by the government is 10,000 only. It is very easy for a hunter to 
hunt and sale 4-5 pangolins and then pays only 10,000. Similarly, not only 
fine but penalty should also be imprisonment of more than one year. 
 Indian pangolin has significantly declined from Potohar region. There is 
urgent need of creating awareness among locals and farmers. They are in 
need of to be educated regarding this innocent animal. During present study 
it was observed that local farmers think that Indian pangolin is a dangerous 
animal and it excavates the graves and eats up dead bodies. They 
mistakenly think it as horrible creature. So there is need of awareness 
programs in local people regarding importance of this animal species such 
as organized and managed under this project. 
 If possible, there is an urgent need to initiate a new conservation project for 
rehabilitation and captive breeding program of Indian pangolin in the 
Potohar Plateau. In this program, live specimens of Indian pangolin 
recovered from the nomads, local people and so on may be utilized in a 
fenced enclosure for protection and future breeding of the species. 
 There is not enough data available regarding current distribution and 
population status of this species in other parts of the country, there is a need 
of extension of current running projects as well as other research projects so 
that current status of the animal species in the whole country could be 
evaluated, and conservation efforts to save its population may be extended 
to other parts of the country. 
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APPENDICES 
 District Chakwal District Jhelum District Attock District Rawalpindi 
No. Starting Transect Ending Transects Starting 
Transect 
Ending 
Transects 
Starting 
Transect 
Ending 
Transects 
Starting 
Transect 
Ending Transects 
1 Chakwal-More (Mandra) Chakwal railway 
tunnel 
Sohawa Dina Fateh jang Koat Fateh 
Khan 
Dhok Kala 
Khan 
Gujar Khan 
2 Tehsil Chock Chakwal city Talagang Road m2 Mohal Pabbi Fateh jang Mithyal Gujar Khan Chakri 
3 Talagang Road Kallar Kahar Road Mohal Rohtas Pind Sultani Jaba Jungle 
(Dakhni oil 
field) 
Chakri Kanyat Ladho 
4 Murred Bhaun Pabbi Traki jor Basal chowk Pindi Gheb Kanyat Ladho Danlat Talalod 
5 Chakwal city Chokora Domeli 
mor 
Dhoke 
jamroz 
Pindi Gheb Toleyan 
Chowk 
Rawat Gakhar Sanal 
(Kallar Saydian) 
6 Chakwal city Jubair pur  
Domeli 
 
Gadowala 
Toleyan chok Durnal Kallar Syedan Bewal 
7 Chakwal city Choa saidan shah Gadwala Moza frash 
pamal 
Durnal Fateh jang 
City 
Bewal Seri Subha Shah 
8 Choa Chowk Sehgal abad Sohawa Dongi 
Village 
Attock City Kamra Sahala Kahuta City 
 
 
 
Appendix-1 Records of the road surveys conducted on motor vehicle to determine the distribution of Indian pangolin (Manis crassicaudata) 
 throughout the Potohar Plateau from March 2010 to Febraury 2011. 
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 District Chakwal District  Jhelum District Attock District  Rawalpindi 
9 Chakwal city Chumbi Surla Dohke 
Awan 
Padial 
(Dil Jaba) 
Langer 
(Hasan Abdal) 
Bahtar mor Kahuta City 
 
Channi Morri 
 
10 Chakwal city Kallar Kahar Khewra Toba Chowk Kandhari pur Pathar ger Channi Morri 
 
Beor Khalool 
 
11 Bhaun Chowk Khokar Zair dam Toba 
Chowk 
Ahmed 
Abad village 
Burhan 
(Hasan Abdal) 
Hatiyan 
Chowk 
(Hazro) 
Beor Khalool 
 
 
Sahal Sweari Road 
12 Choa Saidan Shah Basharat hills Pind 
Dadan 
Khan 
Haran Pur 
Victoria pull 
Hatiyan Chowk Malak mala Kahuta City 
 
Kanaisar 
 
13 Cadet college Chakwal Talangang City Haran 
Pur 
Victoria   
pull 
Haran Pur 
Graveyard 
Malakmala Kebla bandi Lehtrar 
 
Kotli Sattian 
14 Talagang City Kot Sarang Toba  
Chowk 
Lila Thatti Sydo Shah Pindi Ghaib 
City 
Kotli Sattian 
 
 
Murree 
15 Jubair pur stop Choa Sadan Shah Pind 
Dadan 
Khan 
City 
Jalail Pur 
Sharif 
Pindi Ghaib City Chaki GT Road Taxilla 
16 Choa Sadan Shah Katas Raj Jalail Pur 
Sharif 
Sangoli Thatti Sydo Shah Maira Sharif Taxilla City Bahtar Mor 
17 Katas Raj D.G Cement Dalilpur   Hadowali Mera Sharif Bahtar Mor Garhi Afghan 
18 Thoa Bhadar Balkasar     Rawalipindi Malpur 
19 Talagang City Danda Shah Bilawal       
20 Danda Shah Bilawal Lawa       
Appendix –I : Continued 
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Appendix- II Details of body measurements of the captured Specimens of Indian pangolin from different sampling sites of the Potohar 
Plateau. 
No Site of capture Sex Body 
Weight 
(Kg) 
Body 
Girth 
(cm) 
 
Head-
body 
length    
(cm) 
Tail 
length 
(cm) 
Total 
lengt
h 
(cm) 
Snout 
length 
(cm) 
Ear 
length 
(cm) 
Limbs     length 
(cm) 
Fore 
limbs 
Hind limbs 
1 Chakri  (Sihal) Male 
juvenile 
0.780 20.32 25.4 16.5 41.6 1.9 0.75 7.6 6.8 
2 Jhelum 
(Pamal) 
Male 
juvenile 
2.05 25.4 36.83 22.8 58 3.8 1 12.7 10.16 
3 Chakwal (Murreed) Male 
juvenile 
2 30.48 35.56 27.9 63.5 3.8 1 12.7 10.16 
4 Islamabad 
(Malpur) 
Female 
Sub- adult 
4.5 38.1 51.81 40.6 92.4 4.3 1 17.78 16.5 
5 Chakwal (Khai) Female 
sub adult 
7.5 66.04 60 53 113 4.8 1 16.51 13.9 
6 Chakri (Sihal) Male sub 
adult 
8 68.58 72.6 85.7 118 4.8 1 15.24 12.7 
7 Chakwal (Jubair Pur) Male 
adult 
11 50.8 81 53 134 5.08 1.5 15.24 12.7 
8 Islamabad 
 
Male 
adult 
15.4 76.2 76.2 71 147.3 5.58 2 17.78 15.24 
9 Chakwal 
(Chumbi Surla) 
Male 
adult 
19.3 66.04 84.3 71 137.48 6.35 2 18.28 15.24 
10 Chakri (Mehra) Female 
adult 
20 68.58 83.3 53.8 137 8.12 2 17.78 14.7 
11 Chakri 
(Sihal) 
Skeleton - - 50 30.48 80.4 2.5 - - - 
12 Chakri 
(Sihal) 
Skeleton - - 43 25.4 68.4 2.5 - - - 
Total   90.5 510 700 551.7 1191 53.5 13.25 151.6 128 
Mean±SE   9±2.2 51.05±
6.5 
58.3±5.9 46±6.4 99.25±
10.5 
4.4±0.5 1.32±0.
1 
15±1.0 12.8±0.9 
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Appendix- III Scale measurement of Indian pangolin captured from the study area. 
 
 
 
 
 
 
Site of capture 
scales number Scale size 
Dorsal body Total Fore limbs Hind limbs Head (cm) Trunk 
(cm) 
Tail (cm) 
Head trunk tail 
Chakri  (Sihal) 70 135 84 289 51 48 0.2 1.2 0.4 
Jhelum 
(Pamal) 
50 159 87 296 55 50 0.5 2.5 1 
Chakwal (Murreed) 55 141 78 274 45 42 3.5 5 4 
Islamabad 
(Malpur) 
84 148 85 317 52 42 0.5 3.6 1.95 
Chakwal Khai 55 123 84 262 45 38 0.3 2.5 1.2 
Chakri (Sihal) 50 115 70 235 - - - - - 
Chakwal (Jubair pur) 55 130 82 267 47 42 3 6 8 
Islamabad (Malpur) 50 160 105 315 55 55 2.5 7 3.5 
Chakwal(Chumbi Surla) 79 158 74 311 53 43 1.5 4.5 3 
Chakri (Mehra) 70 138 78 286 52 48 1 4 2 
Total 618 1407 827 2852 455 408 13 36.3 25 
Mean±SE 62±4.05 140±4.9 82±2.9 285±8.3 50±1.3 45±1.7 1.4±0.4 4±0.6 2.7±0.7 
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Appendix-1V Details of the faecal samples (N= 44) of Indian pangolin collected from the Potohar plateau during current study period. 
 
District Sample No. Site of collection Habitat type weight Diameter Length 
 
 
 
 
Chakwal 
1 Chumbi Surla Natural area 8 4 6 
2 Natural area 5 3 3 
3 Natural area 7 3 2 
4 Jubair Pur Agricultural land 8 4 7 
5 Natural area 6 4 8 
6  
 
Murreed 
Agricultural land 14 4 6 
7 Agricultural land 34 4 9 
8 Agricultural land 38 7.5 8 
9 Natural area 32 4.5 7 
10 Natural area 38 7 9.5 
Total N=10  190 45 65.5 
Mean ±SE   19 ±4.5 4.5 ±0.48 6.55 ±0.76 
 
 
 
 
 
 
 
Jhelum 
1 Mohal Agricultural land 52 4.5 9 
2 Natural area 70 2.5 8 
3 Rohtas Natural area 55 3 6 
4  
Moza Frash Pamal 
Natural area 31 2 2 
5 Agricultural land 52 3 5 
6 Natural area 59 3 4 
7 Natural area 80 5.5 10 
8 Natural area 100 6 7.5 
9 Pind Dadan Khan Natural area 24 1.5 5 
10 Natural area 27 1.2 4 
11 Dongi Natural area 10 0.8 3 
12 Lila Agricultural land 12 Segregated 
Total N=12  572 33 63 
Mean ±SE   47 ± 8 3.0 ± 0.51 5.7 ± 0.7 
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Attock 
1 Pindi Ghaib Agricultural land 33 4  
6 
2 Pind Sultani Agricultural land 84 3.5 5.5 
3 Agricultural land 22 3 8 
4 Jaba Jungle Natural area 64 3 5.5 
5 Natural area 55 6 8 
6  
Hadowali 
Agricultural land 37 3 3 
     
7 Natural area 17 4 2 
8 Natural area 23 2.5 4 
9 Natural area 30 3 7 
10 Agricultural land 55 2.5 4 
Total  N=10  420 34 53 
Mean ±SE   42 ±6.8 3.4±0.32 5.3 ±0.64 
Rawalpindi 1 Malpur Agricultural land 14 Segregated 
2 Natural area 40 1.25 1.75 
3  
Chakri 
Agricultural land 27 1.16 8 
4 Natural habitat 17 Segregated 
5 Agricultural land 45 4 5 
6 Agricultural land 37 6 7.5 
7 Kanaisar Agricultural area 18 3 5 
8 Kanyat Ladho Agricultural land 10 1.7 2.1 
9  
Gakhra Sinal 
Natural area 56 9 7.5 
10 Agricultural land 100 4 8 
11 Agricultural land 44 2.8 4 
12 Agricultural land 94 4.5 6.5 
 Total N=12  502 37.41 71.10 
Mean ±SE   41.8±8.5 3.11±0.75 5.9±1.34 
 
 
 
 
 
 
Appendix –IV: Continued 
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Appendix- V. Questionnaire  
 
Name:           _______________________  
Age:              _______________________  
Address:       _______________________  
Phone:          _______________________  
Occupation: _______________________  
Have you seen Pangolin?.                       Yes              No  
Do you collect Pangolin?                        Yes              No  
How often you collect Pangolin?            Regular             Opportunistic  
Purpose of collecting Pangolin?  
______________________ 
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Appendix-VI Burrow numbers and adjusted burrow numbers with vegetation in 
Potohar Plateau. 
 
Chakwal site-1( Jubair Pur) 
 
Vegetation Density_Veg Burrow_Num Adjusted Burrow Number 
Ziziphus mauritiana 1.97 1 1.502538071 
Dalbergia sissoo 0.66 2 8.96969697 
Acasia nilotica 2.96 4 4 
Euclyptus clamadulenesis 0.33 2 17.93939394 
Tamarix aphylla 0.33 3 26.90909091 
Acasia modesta 1.65 9 16.14545455 
Zizyphus nummularia 0.83 2 7.13253012 
Prosopis juliflora 0.66 0 0 
Calotropis procera 0.33 1 8.96969697 
 
Chakwal  site 2 Murreed 
 
Vegetation Density_Veg Burrow_Num Adjusted Burrow Number 
Ziziphus mauritiana 3.36 2 
2 
Acasia nilotica 2.74 1 1.226277372 
Acasia modesta 0.92 2 
7.304347826 
Capparis deciduas 0.3 4 44.8 
Zizyphus nummularia 0.1 1 33.6 
Prosopis juliflora 0.66 0 
0 
Lantana camara 0.66 0 0 
Grawia optiva 0.33 0 0 
Dodonea viscose 0.33 1 
10.18181818 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
182 
 
 
  
Jhelum site 1 Moza Frash Pamal 
 
Vegetation 
Density_Veg 
Burrow_Num 
Adjusted 
Burrow 
Number 
Ziziphus mauritiana 1 
0 0 
Acasia nilotica 1 2 4.5 
Acasia modesta 2.25 
1 1 
Capparis deciduas 0.5 2 9 
Salvadora oleoides 1 
3 6.75 
Olea ferruginea 0.25 0 0 
Zizyphus nummularia 0.06 2 75 
Calotropis procera 0.07 0 0 
Lantana camara 0.08 1 28.125 
Adhatoda zeylanica 0.06 0 0 
 
Jhelum site 2 Dongi 
 
Vegetation Density_Veg Burrow_Num 
Adjusted Burrow 
Number 
Ziziphus mauritiana 0.68 0 0 
Dalbergia sissoo 1.14 0 0 
Acasia nilotica 0.9 2 2.533 
Euclyptus 
clamadulenesis 0.45 3 7.6 
Acasia modesta 1.37 1 0.832 
Capparis deciduas 0.22 0 0 
Ficus benjamina 0.68 2 3.352 
Zizyphus nummularia 0.06 2 38 
Calotropis procera 0.104 0 0 
Lantana camara 0.05 0 0 
Grawia optiva 0.08 0 0 
Dodonea viscose 0.04 0 0 
 
Attock  site 1 Hadowali 
 
Vegetation Density_Veg Burrow_Num 
Adjusted Burrow 
Number 
Ziziphus mauritiana 1.33 0 0 
Dalbergia sissoo 0.89 2 5.033707865 
Acasia modesta 2.24 1 1 
Capparis deciduas 0.22 3 30.54545455 
Prosopis cineraria 0.44 0 0 
Zizyphus nummularia 0.06 2 74.66666667 
Calotropis procera 0.05 0 0 
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Attock site 2 Jhand 
 
Vegetation Density_Veg Burrow_Num 
Adjusted Burrow 
Number 
Ziziphus mauritiana 
0.97 0 0 
Dalbergia sissoo 0.97 1 1.505154639 
Acasia nilotica 1.22 3 3.590163934 
Euclyptus 
clamadulenesis 0.48 0 0 
Tamarix aphylla 0.73 0 0 
Acasia modesta 1.46 0 0 
Zizyphus nummularia 0.08 1 18.25 
Prosopis juliflora 
0.06 3 73 
Calotropis procera 0.06 0 0 
Lantana camara 0.02 2 146 
Dodonea viscose 0.03 0 0 
Carisia opaca 0.08 0 0 
 
Rawalpindi site 1 Gakhar Sinal 
 
Vegetation Density_Veg Burrow_Num 
Adjusted Burrow 
Number 
Ziziphus mauritiana 0.65 
1 2.338461538 
Dalbergia sissoo 1.083 
0 0 
Acasia nilotica 1.52 
0 0 
Euclyptus 
clamadulenesis 
1.3 
0 0 
Acasia modesta 0.65 
2 4.676923077 
Zizyphus nummularia 0.06 3 76 
Calotropis procera 0.1 2 30.4 
Lantana camara 0.04 0 0 
Grawia optiva 0.1 0 0 
Dodonea viscosa 0.03 
0 0 
Carisia opaca 0.08 1 19 
 
 
Rawalpindi site 2 Sihal 
 
Vegetation Density_Veg Burrow_Num Adjusted Burrow Number 
Ziziphus mauritiana 1.04 2 4.653846154 
Dalbergia sissoo 2.42 0 0 
Acasia nilotica 0.69 0 0 
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Euclyptus 
clamadulenesis 1.73 0 0 
Acasia modesta 2.08 2 2.326923077 
Capparis decidua 0.35 0 0 
Zizyphus 
nummularia 0.08 1 30.25 
Calotropis procera 0.06 0 0 
Lantana camara 0.03 2 161.3333333 
Grawia optiva 0.07 0 0 
Justicia adhatodas 0.04 3 6.980769231 
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Appendix-V11: One-way Analysis of Variance (ANOVA) used to compare Indain 
pangolin association with vegetation 
 
ANOVA 
Adjusted_Burrow 
 Sum of Squares df Mean Square F Sig. 
Between Groups 26131.984 18 1451.777 2.513 0.003 
Within Groups 41594.449 72 577.701   
Total 67726.433 90    
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Appendix-IX (A). Number of people interviewed at Chakwal and Jhelum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chakwal Jhelum 
transect no people interviewd Pangolin seen transect no people interviewd Pangolin seen 
1 5 5 1 3 3 
2 3 3 2 7 7 
3 5 3 3 5 5 
4 4 4 4 6 5 
5 2 2 5 5 5 
6 2 2 6 4 4 
7 5 5 7 3 3 
8 7 5 8 5 2 
9 5 4 9 5 3 
10 5 3 10 5 2 
11 5 5 11 5 3 
12 5 5 12 5 5 
13 5 5 13 6 5 
14 5 5 14 7 5 
15 6 5 15 3 3 
16 2 2 16 3 2 
17 5 5 
   18 3 3 
   19 3 3 
   20 3 3 
   
TOTAL 85 77 
 
77 62 
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Appendix-IX (B) Number of people interviewed at Attock and Rawalpindi. 
Attock Pindi 
transect no people interviewd Pangolin seen transect no people interviewd Pangolin seen 
1 5 5 1 5 0 
2 5 4 2 5 5 
3 6 5 3 5 3 
4 4 4 4 4 3 
5 5 5 5 5 3 
6 3 3 6 5 4 
7 3 3 7 5 5 
8 3 3 8 4 0 
9 4 0 9 3 0 
10 5 0 10 5 0 
11 5 0 11 6 4 
12 5 0 12 5 5 
13 5 0 13 5 0 
14 5 0 14 5 0 
15 5 5 15 5 0 
16 5 4 16 5 0 
17 5 3 17 5 0 
   
18 5 4 
      
      
TOTAL 78 44 
 
87 36 
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Appendix -X The numbers of burrows observed and fecal samples collected during 
field surveys. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix –XI  The common trees shrubs and herbs species observed in eight 
selected sites of Potohar plateau. 
 
 
Vegetation species 
 
No. of sites where 
present 
trees 
Ziziphus mauritiana 8 
Acasia modesta 8 
Acasia nilotica 7 
Dilbergia sissoo 6 
shrubs 
Ziziphus nummularia 8 
Lantana camara 6 
Caloptropis procera 5 
Prosopis juliflora 4 
herbs 
Amaranthus hybridus 5 
Cyprus rotundus 5 
Avera  javanica 4 
Cynodon dactylon 4 
Saccharum bengalense 4 
Carathamus oxycantha 4 
Dicaytra roxburghina 4 
 
District seasons 
No. of 
burrows 
No. of Fecal 
samples  
Chakwal 
spring 30 10 
summer 45 0 
autumn 30 0 
winter 25 0 
Jhelum 
spring 22 3 
summer 50 8 
autumn 15 1 
winter 20 0 
Attock 
spring 40 5 
summer 45 0 
autumn 25 0 
winter 25 5 
Rawalpindi 
spring 35 3 
summer 55 5 
autumn 30 0 
winter 20 2 
